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- ~Heat transfer rates were significantly influenced by tunnel stagnation

temperatures, gage surface temperatures and water temperatures. Use of a
nond imensional heat transfer coefficient, the Stanton number, effectively
eliminated heat transfer rate dependency upon these temperatures and
therefore was shown to be the best way to evaluate heat transfer rates
over the analytic forebody., There was very good agreement between the
measured and STAPAT-ca.leul/ted Stanton number relationships with tunnel
stagnation pressure and angle of attack. Both showed slight but general
decreases in Stanton number with increasing pressure and angle of attack.

~> The magnitudes of the measured heat transfer rates, their distribution
over the analytic forebody and their good agreement with STAPAT calculations.
combined to provide validations of both the STAPAT program and the
experimental technique for heat transfer testing in cold flow wind tunnels.
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FOREWORD

This report describes a cooperative in-house program between the Aircrew
Protection Branch (AFWAL/FIER) of the Vehicle Subsystems Division (AFWAL/FIE) and
the High Speed Aero Performance Branch (AFWAL/FIMG) of the Aeromechanics Division
(AFWAL/FIM). Both Branches are part of the Flight Dynamics Laboratory at the Air
Forre Wright Aeronautical Laboratories (AFWAL), Wright-Patterson Air Force Base,
Ohio 45433-6553. The program was documented under Project 2402, "Vehicle Equipment
Technology," Task 03, "Aerospace Vehicle Recnvery and Escape Subsystems," Work Unit
50, "Analysis of Aircraft Transparencies."

The work reported herein was performed during the period October 1984 to
September 1986, under the direction of the authors, Mr Charles A, Babish IJI
(AFWAL/FIER) and Mr James R. Hayes (AFWAL/FIMG). The report was released by the
authors in September 1987.

The authors wish to thank Mr Max E. Hillsamer of the AFWAL Wind Tunnel
Facilities for his contributions to the successful operation of the Mach 3 wind
tunnel. Special acknowledgement is made to Mr M. Joseph Rakolta, a student at the
Iniversity of Cincinnati, for his assistance in STAPAT operation during the periods
he served as an engineering aid at AFWAL.

The tunnel interference effects models were fabricated by the
Fabrication/Modification Division of the 4950th Test Wing at Wright-Patterson Air
Force Base, Ohio. The heat transfer rate test mndel was desianed by Sverdrup
Technolngy, Inc and fabricated by Schmiede Machine and Tool Corporation, hoth of
Tullahoma, Tennessee. The support given by all personnel at these orcanizations is
especially appreciated.
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SECTION 1

TNTRODUCTION

This report describes and documents the results from a wind tunnel test program
and the STAPAT* computer program which were used to study aerodynamic heat trancfer
rates on an analvtic forebody at Mach 3.0.

Air Force aircraft can be expected to operate at supersonic speeds where
aerndynamic heatina significantly affects the design and performance characteristics
of their transparent windshield and canopy systems. STAPAT was develaped to provide
a valuable tonl for the aerothermndynamic analysis of these transparency svstems., A
three-dimensinnal, external-forced convection module, STAHET, is included in STAPAT
to define aerodynamic heating environments over forward fuselage sections of
aircraft. fDuring STAPAT development, a preliminary wind tunne! test program was
accomplished to acquire heat transfer rate data for comparison with predictions from
a generalized form of the STAHET code. This preliminarv test program applied a
newly developed experimental technique for obtaininag heat transfer rate data at
supersonic Mach numbers and high Reynolds numbers, but at ambient staanation
temperatures; i.e., in a "cold flow" wind tunnel. Because of problems with the heat
transfer rate gages, onlv 3 limited amount of data was acquired. As a result of
lessons Tearned during the preliminary test program, we recommended that the tests
he reaccomplished using more suitable heat transfer rate gages to acquire data that
could be used for comparison with predictions from the final form of the STAHET
code. This report includes the information relative tn the test proaram which
incarporated the recommended gages.

Sections 11 and ITT present descriptions of the wind tunnel! test program and the
STAPAT computer proaram, respectively, Results from the programs, discussions of
their significance, and comparisons nf the wind tunnel data with STAPAT predictions
are presented in Section IV.

* STAPAT is an acronvm for Specific Thermal Analyzer Program for Aircraft
Transparencies. STAPAT is documented in References 1 and ?.
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SECTION 17

DESCPTPTTON OF THE TEST PROGRAM

1. TECHNTOUE FOR HEAT TRANSFER TESTING IN COLD FLOW WTND TUNNELS

A newly developed experimental technique for heat transfer testing in cold flow
wind tunnels was used to acquire the data needed for this program, Standard heat
transfer testing techniques require the use of wind tunnel test facilities where
stagnation temperatures, and therefore recovery (adisbatic wall) temperatures, are
significantly greater than arbient temperatures. These facilities do not provide
desired Reynolds number ranaes at supersonic speeds. Facilities that do provide
high Reynolds numbers at supersonic speeds are cold flow facilities which operate at
stagnation temperatures less than or equal to amhient temperatures. To u<e cold
flow facilities for heat transfer testing reauired development of a new experimental
technique. Such a techniaue was developed and is documented in Reference 3.

Basically, this experimental technique incorporates a means for raisina the
model outer wall temperature above the tunnel reccvery temperature by means of hot
water flow along the inner wall of the model. The temperatures of the outer and
inner walls are measured after steadv state conditions have been achieved. During
this "steady state" heat transfer condition and for a homogeneous wall material of
constant thermal conductivitv, a linear temperature distribution exists through the
model wall. From these temperatures and the properties of the wall material, the
conductive heating rate can be determined. Because steady state conditions have
been established, the forced convective heat transfer rate from the surface of the
model into the air flow is equated to the conductive heat transfer rate through the

wall,
2. AFWAL MACH 3 HIGH REYNNLDS NUMRFR WIND TUNNEL TEST FACTLITTY

A1l tests were accomplished in the Mach 3 High Reynolds Number Wind Tunnel Test
Facility at the Air Force Yright Aeronautical Laboratories (AFWAL), Wright-Patterson
Air Force Base, Dhin. A perspective view nf the facility is presented in Figure 1.
The facility is an intermittent, cold flow wind tunnel that operates in 2 hlowdown

2
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mode using dry compressed air which is exhausted tn the atmosphere through
silencers, A diagram of the operating process is shown in Figure 2a. Tae tunnel
has a constant area rectanqular test section R.0-in., wide and 8.7-in, high, with a
test rhombus ?3-in. long (Figure ?b). 0Nne set of test section side walls is
furnished with 8-in.-diameter windows. These ?-in.-thick qlass windows were used
with the shadowgraph and schlieren systems for flow visualization.

The tunnel can be operated at stagnation pressures from approximately 70 to 570
psia for stagnation temperatures in the range from 400 to 560 R depending upon

ambient conditinons. The corresponding free-stream unit Reynolds numbers ranae from
13 to 140 million per ft.

NDetailed descriptions of the AFWAL Mach 3 Hiqgh Reynolds Number Wind Tunnel Test
Facility can be found in References 4 and 5.

-

5. ANALYTIC FOREBNDY WIND TUNNEL MNDELS

a. Analytical Description of the Surface Shape

The develnped cross-sections model (Forebodv 4) of Reference f was selected
for the shape of the wind tunnel models used in this test pronaram. A sketch of
Forebodv 4 from Reference 6 is reproduced in Figure 3. Also shown in Figure 3 are
the locations of the orifices which were used to obtain surface pressures during the
test program reported in Reference . As required for verification of STAPAT
'Reference 2), this shape is representative of the forward fuselage of an aircra‘t
fwith a canopy-like hump) and has sufficient surface curvature to induce
three-dimensional flow and variable edge entropy effects.
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The surface of the analytic forebody is descrihed parametrically by the
following eauations (Reference 6):

Y [1 +<1.35 o 1) sin? <TT_X> sin 6
" " 2 (1)

z _|l +(1.35 r _1+0.3 sin (35 cos 6
" " cos 6 £ )

(2)
there
r_. 1

J " 1.25 - 0.25 cos 28 + 0.13174 (cos 8 - cos 38) (3)

1 and
ry (x) X \/X 200
= (] = —|}[~-] tan
L ( zz)(z) (4)

Note that the radial distances r and s and the polar angle g are not the same as
the polar coordinates R and ¢ of the analvtic forebody cross section. (See Sectinn
111 paragraph 3a(2).)

Since surface pressure data is available in Reference 6 for this apalvtic
J forebodv, the scope of the wind tunne! program was reduced considerably by the
elimination of the requirement for pressure measurements.
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bh. Tunnel Interference Effects Models

Netermination of the model size for the tests was based on a compromise
between selecting a large-size model, to provide high Reynolds numbers and room for
instrumentation, and selecting a small-size model, to minimize wind tunnel
interference effects such as those caused by reflected shock waves and solid
blockage or tunnel choking. Selection of model size was aided by conducting wind
tunnel tests using uninstrumented models of the analytic forebody. Two tunnel
interference effects models were fabricated from aluminum and stainless steel, one
8-in. long and one 10-in. long (Figure 4). The interference models werc placed in
the wind tunnel (Figure 5) and tested over a range of Reynolds numbers and angles of
attack. BRased on observations of tunnel wall pressures and schlieren photographs of
shock waves, we concluded that analvtic forebody models as long as 10 in. could be
tested at anqles of attack from -5 to +5° with negligible interference effects,

The 10-in.-long model (not including the sting support) presents a frontal
area of approximately 11 in.? at 0° angle of attack. This area is 16.8 percent of
the physical cross-sectional area of the test section and is well below the solid
blockage 1imit of 28 percent recommended in Reference 4.

c. Heat Transfer Rate Model

I1ith the shape and size of the heat transfer rate model determined, a method
for providing hot water flow to the inner wall of the model and a means for measur-
ing the temperature of the inner and outer walls had to be incorporated into the
model desiqn. The approach taken is illustrated in the sketches and photographs
presented in Figure 6.

The model consists of four sections; an upper body, a lower body, a central
plug and a sting mounting adaptor. The upper body forms the inner and outer walls
(0.125 in. nominal wall thickness) that are instrumented for temperature measure-
ments. Twenty locations were selected for measurement; eight along the top center-
line of the model (¢ = 0°) and six each along the ¢ = 30° and ¢ = 60° rays.
Temperature measurement (gage) locations are spaced at 1.0-in. intervals. (The
photographs in Figure 6 show macor (glass) cylinders inserted in the gage location
holes. These inserts were used in the preliminary test program (Reference 2) and




AFWAL—TR-87-3091

Figure 3. photo raph of the
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were replaced with the new heat transfer rate gages described in Section It
paragraph 5.) The upper and lower bodies form the external shape of the analytic
forebody and are joined with five cap screws. The central plug is used ta form the
water flow channels along the inner wall of the gages. The nominally 0.125-in.-
thick cavity between the upper body and the central plug was first filled with a
room temperature vulcanizing (RTV) silicone sealer. Then sections of the RTV sealer
were cut away to form 0.50-in.-wide channels along the centerlines of the rows of
gages. The desian allows for water flow into the rear of the model, through the
interior of the central plug toward the nose of the model, back through the RTV
sealer channels, and out the rear of the model. The central plug is joined to the
Tower body with two cap screws. The sting mounting adaptor is fastened to the lower
body with four cap screws.

The heat transfer rate model was designed by Sverdrup Technology, 'nc and
fabricated from aluminum and stainless steel by Schmiede Machine and Tool Corpn-
ration of Tullahoma, Tennessee. The as-built shape of the analytical forebody was
very close to the desired (theoretical) shape. Differences between measured and
theoretical coordinates did not exceed 0.0050 in., with an average difference of
0.00307 in. and a standard deviation of +N.00115 in, (as obtained from the values
presented in Figure 6).

4. MODEL SUPPNRT SYSTEM

The model support system consisted of a hydraulically actuated pitch sector
mounted in the test section downstream of the test rhombus. A linear potentiometer
attached to the actuator arm was used to determine sting pitch angle. The output of
the potentiometer was fed to a display in the control room and used to manually set
sting pitch angle (and hence the model angle of attack) before each run. Calibra-
tion of the potentiometer was accomplished with an inclinometer placed on the pitch
sector head. The calibration was performed at the beginning of each test day and is
accurate to within 0.01° between -8 and +8° angle of attack.

13
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5. INSTRUMENTATION AND DATA GATHERED

Nifferent types of instrumentation were used to gather the data which was needed
for comparison with STAPAT predictions. General descriptions of the instrumentation
are given below; additional information can be found in the references cited,

a. Heat Transfer rate Gage Temperatures

The primary data gathered was the temperature of the outer wall of the
analytic forebody (the outcr surface temperature) and the temperature of the inner
wall (the backface temperature). These temperatures were measured at various
Tocations on the analytic forebody using one heat transfer rate gage at each

Tocation (see Figure ).

Fach gage incorporated a three-wire, cnaxial thermocouple probe swaqged in a
stainless steel cylindrical "button" as shown in Figure 7. The coaxial thermocouple
probe consisted of a constantan center wire which was coated with a 0.0005-in.
thickness of reramic insulation and swaged in a tube of ChromefE>materia1. The
thermaocouple was then swaged in the cylindrical button and its length cut tn the
thickness of the button. The thermocouple junction at the outer surface of the
analvtic forebody was formed by filing the probe/button to the contour of the
forebody so that metallic slivers of the constantar and Chromel materials bridged
the insulation. The thermocouple junction on the backface of the probe/button was
formed at the juncture of a second constantan wire and the Chromel tube. Additional

information on the coaxial thermocouple probes can be found in References 7 and 8.
h. Tnstrumentation for Other Data

The data needed tn determine the freec-stream “iuw conditions for the AFWAL
Mach 3 wind tunnel was tunnel stilling chamber (stagnation) pressure,

® Registered - Hoskins Manufacturing Co
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QUTER SURFACE
THERMO COUPLE

CONSTANTAN JUNCTION

CENTER WIRE
(=0.008-in.DIAM.)

CHROMEL TUBE
( 0.06! -in. DIAM))

CERAMIC gTAINLESS
INSULATION TEEL
(0.0005-in. THICK) BUTTON
(0. 25-inDIAM))
i 0.120 -in.
NOMINAL
\ THICKNESS
el BACKFACE
EPOXY JUNCTION
CHROMEL
E WIR CONSTANTAN
tz é\.%OBﬂE_DlAM.) LEAD WIRE
(= 0.008-inDIAM.)

Figure 7. Cross Section of the Heat Transfer Rate Gages Showing
General Construction
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PO, and tunnel stilling chamber (stagration) temperature, T0O. The stagnation
pressure was measured using a 600-psia transducer and the stagnation temperature was
measured using a Type J (iron vs constantan) thermocouple. Model angle of attack
was obtained from the linear potentiometer which was attached to the pitch sector
actuator arm. Axijal station and circumferential Tocations of the heat transfer rate
gages were determined during the machining of the model surface contours. Model
inlet and outlet water temperatures were measured with type K (chromel vs alumel)
thermocoupies located in the water line attachment points at the base of the model.

A video camera was used to photograph the model during the tests. This camera
was mounted on the schlieren system and was connected to a monitor and video re-

corder in the control room,
6. TEST PROCEDURES

Before each run the model was brought to a uniform and constant temperature by
circulating water through the internal passages. The water temperature was reou-
Tated by a 10 gal hot water heater and was held at approximately 600 R, When all
aage outputs indicated a ccnstant temperature (both surface and backface measure-
ments) the data acovisition system was started and then the tunnel was started.
Several gaqges were selected for display on strip chart recorders and these were
menitored during the run, Data were taken until these aages indicated that the
surface to backface temperature difference was constant. The time to reach this
steady state heating condition was approximately 15 s. The data acquisition rate
was one sample per second and data were taken for about 30 s after the steady state
condition was established.

Figure 8 shows a typical temperature-time history for one cage. The surface to
hackface temperature difference is shown in Figure 9. This figure shows that the
steady state condition was reached in 12 s and maintained through the rest of the
run. The heat transfer rate was computed from the average of the temperature
difference during the steady state portion of the run.

7. DATA REDUCTTON AND PRECTSTION

16
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MACH 3 ANALYTIC FOREBODY HERT TRANSFER TEST
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Figure 8. Typical Temperature-Time History From One Heat Transfer
Rate Gage
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Figure 9. Typical Time History of the Difference in Gage Surface and
Backface Temperatures

17




AFWAL-TR-87-3091
a. DNata Reduction Methods and Eauations

The data reduction methods, equations, symbols, and constants used
during this test program are summarized below.

(1} Wind Tunnel Flow Conditions

The calibrated wind tunnel Mach number, M, the measured stagnation
(settling chamber) pressure, PO, and the measured stagnation temperature, TO, were
used to calculate the remaining free-stream wind tunnel flaw conditions. The
equations given in Reference 9 were applied. Static pressure, P-INF, and static
temperature, T-INF, were calculated using the equations for perfect gas, isentropic
expansion from the settling chamber to the test section. Static density, RHN-INF,
was calculated using the thermal equation of state and the derived values for static
pressure and temperature. Velocitv, V-INF, was calculated using the equation for
the speed nf sound, the definition of Marh number and values for calibrated Mach
numbher and derived static temperature. Absolute viscosity, MU-INF, was calculated
using Sutherland's equation and the derived value for static temperature,
Free-stream unit Reynolds number, RE-INF, was calculated based on the derived static
densityv, velocity and ahsolute viscosity values,

(?) Model Characteristics and Heat Loads

Model heat load parameters at each measured axial, X, and
circumferential, PHI, cage location were determined for various measured model

angles of attack, ALPHA, and average inlet and outlet water temperatures, T-WATER,

Heat transfer rate, ODOT, was calculated based on the measured gage
backfdace and surface temperatures, T-BF and T-S, using the data reduction method.

The heat transfer rate gages were placed in the wall of the upper body
of the analytic forebody. During the wind tunnel tests, hot water was passed along
the backface of the wall and air was passed over the outer surface (see Figure 10),
This situation was maintained until a "steady state" condition was reached for all
gages; i.e., until the difference between gage temperatures, T-BF and T-S, had
stabilized. For this steady state condition, the rate of heat flow per unit area

18
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Figure 10. Parameters Associated With the Heat Transfer Rate Gages
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(heat flux or heat transfer rate) through the gage from the backface to the surface,
hCOND’ was assumed equal to the heat transfer rate from the gage surface tn the
airflow, -QCONV‘* That is,

“Qeconv = Oconp (5)

These heat transfer rates (see Reference 10) can be expressed as follows:

Oconn = K [ (T-BF) = (T-8) 1 /D (6)

h [ Tpy - (T-5) 1 (7)

Qeony AW

Where k is the thermal conductivity of the gage and D its thickness; h is the forced
ronvection heat transfer coefficient; and TAw is the adiabatic wall temperature of
the flow over the gages.

*Since the thermophysical properties of the gage and model materials were similar,
lateral heat transfer rates were considered negligible, Expected differences in
thermal conductivities of the gage materials were included in the heat transfer rate
uncertainty estimates. Radiation from the model surface to the tunnel walls was
estimated to be an order of magnitude less than the uncertainty and was neglected.

20
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For the purposes of this test program, then, the forced convection heat transfer

rate can be obtained from

Qony = -k [ (T-BF) - (T-5) 1/ D (8)

To obtain values for hCONV’ values for k, D, T-BF, and T-S must be known. The value
for k was determined based on reported properties of the gage materials for the
material temperature range encountered during this test program (References 8 and
11). Reported values for constantan and Chromel materials rarged from 0.0027 to
0.0039 Btu/(ft°s°R) for temperatures from 470 to 580 R. An average value of 0.0033
Btu/(ft°s°R) was used for all gages. Because each gage was inserted in the model
wall and then filed to the surface contour of the model, the value of D was slightly
reduced from its measured initial nominal value of N.125 in. A thickness of 0.120
in. was chosen for each gage. Gage temperatures T-BF and T-S were obtained from
gage thermocouple measurements and their differences were averaged over the steady
state period. Values for the heat transfer rate, then, were calculated using the
following eauation:

QOT = Ocgyy = (-0.33) [ (T-BF) - (T-S) 1pc (8)

A forced convection heat transfer coefficient, H(.9 TO) = h, was calculated from
Equation 7 using a measured-surface temperature, T-S, the derived value of heat
transfer rate, QDNT, and an adiabatic wall temperature, TAW’ equal to 90 percent of
the measured-stagnation temperature, T0. That is,

H(.9 TO) = oDOT / [ (0.9) (TO) - (7-S) 1 (10)
A Stanton number, ST, was calculated based on the derived values nf heat
transfer coefficient, free-stream static density, RHO-INF, and free-stream velocity,
V-INF, and a value of 6006 ft2/(32‘R) for the specific heat of air at constant

pressure, cp (Reference 9) using the following equation:

ST = (778) H(.9 T0) / [ (RHO-INF) (V~INF) (cp) ] (11)
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b. Precision of the Data

The maximum uncertainty in the specific heat of air at constant pressure,
c_, was conservatively estimated at *300 ft2/(s?'R) (i.e., +5 percent of 6006
ft7/(52'R), the value used). This was to account for the general lack of data
reported in the Titerature for the Tow temperatures and pressures encountered during
these tests.

The estimated maximum uncertainty in Mach number was based on the results of
aerodynamic tunnel calibration measurements made to determine the lateral and
longitudinal Mach number distributions in the test rhombus (Reference 4).

The maximum uncertainties in the measured parameters were based on estimates,
quoted instrument 1imits of error, and checks against secondary standards. (The
maximum uncertainty in aage thickness, D, was conservatively estimated at +0.005 in,
to account for unknown thickness changes due to filing of the gages to match the
contour of the model.)

The estimated maximum uncertainty in gage thermal conductivitv was taken as
two-thirds of the range of values reported for the materials used and the

temperature range encountered,

Maximum uncertainties in the derived data parameters were estimated by
propagating the maximum uncertainties in the material property, calibrated, and
measured parameters through the applicable relationships ameng the parameters. The
method applied makes use of the Taylor's series and is described in detail in
Reference 17.

The estimated maximum uncertainties of all measured and derived data
parameters are listed in Table 1.
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TABLE 1. Precision of the Data

Data Parameter, Symbol, Units

WIND TUMMEL FLOW CONDITIONS

Material Property Parameter
Specific heat of air, c,, £t2/(s?*R)

Calibrated Parameter

Mach number, M

Measured Parameters

Stagnation pressure, PO, psia
Stagnation temperature, T0, R

Derived Parameters

Static pressure, P-INF, psia

Static temperature, T-INF, R

Static density, RHO-TNF, slug/ft3
Velocity, V-TNF, ft/s

Absolute viscosity, MU-INF, 1bf*s/ft2
Reynolds number, RE-INF, ft !

MODEL CHARACTERISTICS AND HEAT LOADS

Material Property Parameter
Gage thermal conductivity, k, Btu/(ft*s'R)

* % means percent of value

23

Typical

Value

6006

300.09
497.74

2.80

179.29

0.3940E-0?
1955.8

0.14421E-06

0.5344E+08

n,.33E-0?

Maximum

Uncertainty

(+ and -)

5%*

0.075

11.2%

11.6%

13.2%

0.4E-03
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TABLE 1. Precision of the Data — Continued

Measured Parameters

Angle of attack, ALPHA, deg -0.01 0.01
Gage thickness, D, in. 0.120 0.005
fage axial station location, X, in. 2.75 0.05
Gage circumferential location, PHI, deg 60.0 0.5
Backface temperature, T-BF, R 552.60 1.8
Surface temperature, T-S, R 524,61 1.8
lHater temperature, T-WATER, R 600.83 1.3

Derived Parameters

Ratio T-S and T0, T-S/T70 1.054 0.5%

Heat transfer rate, ODOT, Btu/(ft?‘s)
a. 0Nt < -5.000 -9.320 0.54 + 107
b. QDOT > -5,000 -2.656 0.79 + 5%

Heat transfer coefficient, H(.9 TO),Btu/(ftz's'R)
a. H(.9 T0) < 0.7000E-01 0.5538E-01 0.63E-02 + 11%
b. H(.9 T0) > 0.7000E-01 0.1216E+00 20%

Stanton number, ST
a. ST < 0.1000E-0? 0.3644E-03 0.10E-03 + 14%
b. ST > 0.1000€-0? 0.2044E-02 24%
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8. RUN SUMMARY

Fifty-one wind tunnel test runs were made in support of this program. Table ?
presents a chronological summary of the test runs in terms of selected parameters of
the test matrix,

The tests were accomplished over a period of days and hence for different
atmospheric conditions. Fssentially, the outside air temperature fixed the
temperature of the high-pressure air supply and therefore the tunnel staanation
temperature, T0. Values for TO ranged from approximately 450 to 498 R, Test were
also accomplished at tunnel stagnation pressures, PQ, of nominally 100, 200, 300 and
400 psia. Since all tests were conducted at a free-stream Mach number of 3.0, these
tunnel conditions provided a range of free-stream unit Reynolds numbers, RF-INF,
from approximately 16 million te 76 million per ft.

To assure different levels of heat transfer rates for given free-stream
conditions, the temperature of the water flowing along the backface nf the outer
wall of the analytic forebody, T-WATER, was adjusted to provide nominal T-WATER
values of 580, 590, 600 and 610 R.

Tests at model angles of attack, ALPHA, of -4, -3, 0, +3 and +4° were

accomplished to determine the effect nf variations in this parameter on flow field
properties and heat transfer rates over the analytic forebody.
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SECTION IT17

NDESCRIPTTON OF THE STAPAT PROGPAM

1. GENERAL CHARACTERISTICS OF STAPAT

STAPAT is a Specific Thermal Analyzer Proaram for Aircraft Transparencies., The
code merges state-of-the-art technology with functional! and accuracy requirements,
resuTting in an efficient aerothermodynamic analytical technique that is
specificallv applicable to the study of high-temperature resistant transparencies
for high-speed aircraft. STAPAT js a modular software package consisting of four
discrete program modules. The STAHET module is used for generation of the forced,
external convection environment surroundina a body for specific points within a wind
tunnel or fiight mission. The TAP module is a transient, three-dimensional, finite
element thermal analyzer program that generates temperature-time histories within a
transparency svstem. The STABLD module is a preprocessor program that allows
interactive generation of the finite-element qrid. The STAPLT mndule is an
interactive, postprocessor program that provides visual displav of the STAHET and
TAP snlutinn results. Peferences 1 and ? provide aeneral descriptions nf the STAPAT
computer proaram and its development; Reference 2 alsn includes the users manuals

and sample problems,
7. STAHFT CAPARTLTTIFS AND LTMITATIONS

The STAHET module is a modified version of the Delarnette heatina code as
described in References 13 through 15, For flight mission environments, at subsonic
and lTow-to-moderate supersonic speeds, STAHET provides snlutions for sharp-nose
forebody confiquratinns at zero angles of attack and vaw. For the specific
applications intended, nonzero angles of attack and yaw were not required to be
included in STAPAT, A streamline tracing approach is used to define the heat
transfer and flow field parameter variations along specified streamlines traced from
a point near the forebody nose. Onlv one-half of the forebody (divided along its
plane of svmmetry) is used in STAHET. Pressure distributions are hased on
application of the modified Newtonian theory with pressure coefficient values set ‘o
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zero in shadow regions nf the forebodv. Input data required for implementation of
STAHET includes control parameters, forebody and transparency system coordinates,
‘ Mach number, altitude, atmosphere type (standard, high~ or low-temperature
atmospheres), and ratios of hody surface (wall) temperature to tunnel stagration

and at two specified wall temperature conditions.

- temperature.

! For wind tunnel mission environments, STAHET includes routines to compute
heating rate and flow field parameter variations over two-dimensional, wedge-shaped
configurations. Input data includes control parameters and time histories of wedge

f anale of attack and tunnel Mach number, pressure, and temperature.

) Output from STAHET consists of heating rate and flow field parameter

S distributions over the body for all conditions specified in the input data stream,

]

t

3. STAHET MODIFTCATIONS
f a. Nonwedge Shaped Wind Tunnel Models

Because the thermal performance of aircraft transparencv system materials
are often evaluated in high speed wind tunnels on wedge-shaped test fixtures
(References 16 through 24), STAHET includes the capability to calculate the forced,
external convection environment surrounding those type confiqurations during wind
tunnel tests. However, and in keeping with the scope of the STAPAT development
program, STAHET does not provide a capability for computing the convection
environment over nonwedge shaped wind tunnel models.

(1) Code Changes

For the purpose of this test program, STAHET was modified to provide
solutions for the analytic forebody at constant wind tunnel conditions. This was
accomplished with minimal cnde changes by combining flight and wind tunnel mission
capabilities. Conceptually, the problem was treated as one where the analytic
forebody was in a flight mission environment at free-stream conditions eaqual to the
wind tunnel flow conditions,
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(?) STAHET Model of the Analytic Forebhody

A model! of the analytic forebody was prepared for use in the STAHET
module of STAPAT,
terms of the polar coordinates R and ¢ at each axial station X.

STAHET requires a description of the aeometry of the forebndv in
The required
coordinate data file was obtained using Equations 1 through 4 which describe the
forebody surface parametrically, and the following geometric relationships:

2, 7

e
n

(y (17)

= cos'l (Z/R) (12)

©
|

Fiqure 11 shows four views of the analytic forebody used in STAHFT as
The model has 20 axial stations over its
(A model

circumferential stations was also tried but the grid was

generated by the STAPAT postprocessor.
10-in, length and 20 circumferential stations over half its circumference.
using 10 axial and 10
apparently too coarse since the curve fit in STAHFET yielded pressures which were not
sufficiently close to the desired full modified Newtonian pressures.)
h. Nornzero Pressure Coefficients in Shadow Reaions

STAHET calculations of the inviscid surface streamlines and heating rates
are dependent upen surface pressure distributions. These distributions were
determined from a mndified Newtonian pressure coefficient relationship (Reference

2), that is

. (14}
C, = C, sin 3§
p PS
where
Cp <pf -F;) /(0.5 e, W) f15)
S z 2
and
CP z (P - R») / (0.5 Y Po Mi:) (16)
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In shadow regions of the farebody (where & < 0.0°) the surface pressure, P, is set

equal to the free-stream static pressure, P, , that is, Cp = 0.0.
SHADNOY

(1) Correlation Fquation

To investigate the effects of this feature, STAHET was modified to
include nonzero pressure coefficients in shadow regions. Rather than incorporating
flow expansion type calculation techniques which would require extensive code
modifications, a correlation equation for pressure coefficient, CP, in terms of Mach
number M_ , and body slope, &, was sought which would

1. be continuous inM_, for 0 < M_ < «

A
o)
N
2
[}

?. be continuous in § for -90 <
3. yield negative CP values for negative & values,
2, yield larger negative Cp values for larger neaative § values,

5. vield Cp values that follow the general trend of, and are bounded bhv, the

Cp fi.e., Cp for P = 0) versus M,  relationship for M, > 1.0, and
MIN

6. yield Cp values that agree reasonablv well with available data in terms of
magnitude and variation with M .
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Figure 12 shows the relationships among CP ., Mo and & which were
SHADOW

obtained using the correlation equation derived for use in STAHET. The shadow
region pressure coefficient correlation equation selected was
1/2 sin1/3 (-5 ) (17)

C = -AR (0.7) M

Pskanow

for -90 < § < 0° and where
S A O T A S T L (18)

Also shown on Figure 12 are test data and the curve for the minimum pressure

coefficient for supersonic flow, that is, for

Cp = -2/ (v M) (19)
MIN

as evaluated for y = 1.4, Basically, the derivation of the correlation equation
was based on the application of a magnification ratio, AR (Reference 25), to the

CP curve so that a reasonable fit to the available data would be obtained,
MIN

especially at M, = 3.0.
(?) Comparisons With Experimental Data

Fvaluation of the shadow region pressure coefficients using the
correlation equation (Equation 17) requires values for the slope of the body surface
at each point of interest. Since the surface of the analytic forebody is described
bv a set of parametric equations, surface slopes are readily obtained by
differentiation, especially along the plane of symmetry (e.g., along the top
centerline where ¢ = 0). This variation of body slope angle along the top
centerline of the analytic forebody is shown in Figure 13,

Comparisons of experimental and calculated pressure coefficients in the
shadow region of the analvtic forebody can be obtained from Figure 14. The
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experimental data was taken from Reference . The calculated values were determined
using the correlation equation evaluated at the body slope angles presented in
Fiqure 13. Aareement is very good at Mach numbers of 4.5 and 3.95, and becomes
progressively worse for the lower Mach numbers of 2.5 and 1.7. The calculated
pressure coefficient values are nearly symmetrical about a forebndy length ratio of
X/L = 0.8 at all Mach numbers since the body slope angle is almost symmetrical (see
Figure 13). The experimental data does not show this symmetry at the lower Mach

numbers.,
(3) Code Changes

The STAHET module was modified to incorparate the shadow region
nressure coeffirient correlation equation so that nonzern pressure coefficients
would be obtained on reqions nf the analytic forebody where the body slape anale,

¢, was less than zero.
c. MNonzero Angles of Attack

Nuring the development of STAHET, a number of modifications were made to the
Nelarnette code ta meet the objective and functional requirements of STAPAT. fne
modification was the elimination of the angle-of-attack input option. The STAHET
code, however, still includes angle of attack, ALPD, as a variable in the equations.
The modification apparently only removed ALPD as an input variable from NAMELIST
FLTIN, leaving ALPD Always equal to its default value of 0.0°.

Tn an attempt to provide calculated values for comparison with wind tunnel
data acquired at nonzero angles of attack, STAHFT was first modified to once again
read ALPD from NAMELIST FLTIM and then run for angles of attack from -3.0 to +3.0°,
STAHFT only ran successfullv for zern and negative anales of attack. Tt is
postulated that either (1) other modifications made during the conversion from the
Delarnette code to the STAHET code (such as the change from blunt to sharp-nose
forebodies) eliminated the full angle of attack capability or (2) the correct
combination of hody mesh size, step size and number of smonthing nperations was
never found for the particular hody shape and test conditions tried.
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4, FORMS OF THE STAPAT RESIILTS

Nutput from the STAHET module of STAPAT was provided in the forms of tables of
values for listing and a file of values far postprocess plotting. A sample of part
of the STAPAT tabular output is shown in Figure 15; STAPAT plots are given in the
next section of the report. TCefinitions of the symbols listed in Figure 15 are as

follows:
i) = Free-stream stagnation pressure, psia
MACH = Free-stream Mach number
NSL = Number of streamlines used in the calculation
TN = Free-stream static temperature, R
PTM = Free-stream static pressure, 1bf/ft?
RHOTN = Frre-stream static densitv, s\uq/ft3
PR = Prandtl number
A TW1/T® = Ratio of wall temperature, TW, and free-stream stagnation
temperature, T@, for TW less than the expected 1ncal
adiabatic wall temperature, TAHY (temperatures in degrees
j Rankine)
1 TW2/T@ = Ratio of wall temperature, TH, and free-stream stagnation
temperature, T@, for TW greater than the expected loca!l
* adiabatic wall temperature, TAY (temperatures in degrees
1 Rankine)
\ X = Axjal location along a streamline, in.
PHI = Circumferential angle location along a streamline, deg
RHOE = Local, boundary laver edae, static density, slug/Ft3
TE = Local, boundary layer edge, static temperature, R
MACHFE = Local, boundary layer edge, Mach number

REC FACT = Local recovery factor
STAN N0 = Local Stanton number, ST, based on free-stream conditions

J
That is
u ST = 0D0T / T (RHOIN) (UIN) (CP) (TAY - TW) 1 (20)
where
1 ONOT = Local heat transfer rate, 1bf/(ft"s)
UJIN = Free-stream velocity, ft/s
CP = Specific heat of air at constant pressure, ftz/(SZ‘R)
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Figure 15.

MACH  NSL TIN PIN RHOIN .
deg R 1bé5ft2 slug/ft*

PR TW1/70 w2/ T@

3.00 10 189.30 392.22 ©.1349E-02 2.762 1.143 1.200

PHI RHOE /RHOIN TE/TIN MACHE REC FACTY STAN NO TW/T9
€g

0.000 1.754 1.289 2.421 @.852 ©.2448E-02 1.143
0.000 1.783 1.289 2.422 2.852 ©.2228€E-82
0.000 1.753 1.289 2.422 ©.852 0.2059E-02
9.000 1.752 1.289 2.423 9.852 8.1923E-02
0.000 1.752 1.288 2.423 09.852 6.1718E-22
©.000 1.752 1.288 2.423 ?.852 0.1569E-82
0.209 1.763 1.289 2.422 9.852 9.1454E-22
0.000 1.758 1.289 2.421 2.852 0 .1454E-02
2.000 1.755 1.289 2.421 0.864 ©8.1495E-02
0.000 1.785 1.289 2.421 0.8868 @.2298E-22
Y.000 1.758 1.289 2.422 2.894 8.3787E-22
0.202 1.781 1.287 2.426 0.898 8.3948E-02
2.000 1.785 1.288 2.427 0.898 9.3729E-02
0 .900 1.773 1.287 2.425 0.898 ©.3475E-02
0.008 1.778 1.288 2.424 ©.898 2.3393E-92
0.000 1.788 1.290 2.419 2.898 8.3273E-02
2.000 1.813 1.297 2.497 ©.898 ©.3134E-02
0.002 1.887 1.312 2.381 0.898 2.3045E-02
0.009 1.900 1.322 2.368 0.898 ©.3034E-02
2.009 1.978 1.342 2.331 Q.898 9 .30506E-082
0.009 2.960 1.385 2.294 0.898 2.3099E-92
2.000 2.145 1.388 2.257 0.898 9.3165E-02
2.000 2.228 1.409 2.222 0.898 ©¢.3235E-02
0.000 2.303 1.428 2.192 2.898 2.3301E-22
0.000 2.385 1.448 2.166 2.898 2.3356E-02
0.000 2.413 1.457 2.147 2.898 0.3395E-22
2 .000 2.442 1.486 2.134 9.898 ©.3413E-02
2.009 2.449 1.488 2.1308 ©0.898 0.3413E-02
0.200 2.448 1.470 2.128 ¢.898 ©.3394E-02
¢.00e 2.420 1.466 2.134 2.898 ©8.3347E-022
2.009 2.370 1.457 2.148 0.898 2.3270E-92
©.000 2.294 1.441 2.173 2.898 2.3161E-02
0.009 2.190 1.417 2.209 ¢.898 9.3017E-02
0.0900 2.081 1.386 2.269 2.898 2.2838E-02
0.200 1.908 1.347 2.323 2.898 ©.2626E-02
0.000 1.738 1.299 2.404 0.898 9.2384E-02
©.000 1.547 1.242 2.604 2.898 0.2117E-02
0.009 1.354 1.179 2.823 0.898 0.1833E-02
0.000 1.192 1.121 2.737 2.898 9.1599E-82
@ .200 1.088 1.082 2.819 0.898 0.1434E-02
0.000 0.985 1.041 2.907 0.898 ©.1275E-02
2.000 2.838 9.975 3.081 0.898 2.1054E-82
0.000 0.690 9.902 3.2456 ¢.898 ©.8436E-083
0.000 ©.618 ©0.863 3.362 2.898 ©.7328E-23
0.000 9.692 .849 3.391 ©.898 ©.68B41E-23
2.000 0.578 0.838 3.427 0.898 ©.6388E-03
o.000 0.548 2.824 3.484 ©.898 @.5954E-03
0.000 9.537 @.817 3.484 ¢.898 ©.56636E-83
9.000 0.633 ¢.815 3.489 0.898 ©.5410E-23
9.000 3.636 9.817 3.488 9 898 ©.5232E-03
2.000 9.542 2.821 3.471 ©.898 ©¢.5098E-03
©.008 ©.5567 2.831 3.443 0.898 0.6007E-23
0.000 ©.677 ©0.843 3.407 ©.898 ©.4912E-03
¢.000 ¢.801 ©.857 3.368 e.898 9.4744E-03
¢.000 0.841 9.881 3.301 9.898 0.4471E-03
2.000 ©.873 2.899 3.262 0.898 0.4129E£-03

Sample of Part of the STAPAT Tabular Output

— for Wind

Tunnel Test Run (657
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SECTION 1V

RESULTS, NISCUSSTON, AND COMPARISONS

1. FORM NF THE TEST DATA

Hind tunnel test results which were used to evaluate the k2at transfer rates on
the analvtic forebody were presented in the forms of schlieren photosraphs and data
tabulations. One data table was generated for each of the 51 test runs and
thev are presented in the Appendix. Figure 16 shows a tvpical data table, the one
for Test Run 0657, The tabuiated data consisted of a heading and columns of data.
The headinag listed the tunnel conditions, model angle of attack, and water
temperature. The data columns listed the locations, temperatures and heat transfer
rates associated with each working gage on the model. (Gage numhers 4, 10, 11, and
20 malfunctioned and yielded no useahle data.)

Note that the backface (inner wall) temperature T-BF, was not the same for each
heat transfer rate gage, For Test Run 0657, T-BF ranaged from 529 to 573 R, This
shows the importance of having a backface thermocouple iunction to determine T-RF
for this technique of heat transfer testing in cold flow wind tunnels — rather than
relving on a single value of T-RF for all gaces which may be obtained from
measurement nf inlet and/or outlet water temperature(s).

2. FLOW FTELD

a. Schlieren Photoaraphs

A qualitative assessment of the flow field over the analytic farehondv can be
nbtained from the schlieren photographs presented in Figure 17. The photographs
clearlv show the strong bow shnck waves which eminated from the sharp nose of the
model at the various angles of attack. The bow shock waves, while asvimetric, were
essentially conical in shape. The 8-in.-diameter schlieren windows almost enclnse
the 8.7-in.-high tunnel walls, The bow shock waves can be seen to intersect the top
and bottom walls, with reflected shock waves trailing downstream. The intersections
nf the bow shock waves with the schlieren windows can also be discerned; they would
produce trailing shock waves similar to those from the top and bottom walls, Tt is
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MACH 3 CANOPY TEST

T-INF
170.80
deg R
TO
474 .16
deg R
GAGE X
in
1 2.75
2 375
3 4.75
5 6.75
5 7.75
7 2.00
8 3.00
9 4.00
12 7.00
13 8.00
14 9.00
15 2.50
16 3.50
17 4.50
18 5.50
6

.50

88800000088888

OCC0O0O000O0OO0O0ODO

W W
ol o]

P-INF
2.80
psia

PO
99.83
psia

.O
.
2

568

Figure 16.

572.
558.
563.
555.
557 .
533.
528.
542.
.24
572.
565 .
555.
556.
548.
548.
552.

RUN=

T-BF

ucy

[}
3

80
30
29
14
25
83
66
42

19
44
01
59
57
82
69

0657

RHO-INF

0.1376E-02
slug/ft3

MU-INF

0.13717E-06
1bf.s/fte

T-S T
deg R

555.31
548 .47
554.29
548.10
550.75
517 .84
515.00
523.09
564 .81
569 .83
562 .86
538.90
541.31
540.73
542.62
544 .44

-S/T0

L1171
.157
.169
.1566
.162
.092
.086
.103
181
. 202
.187
.137
.142
.140
.144
.148

bbb e b ek e et ek ek et pd pd b pd i b

V-INF
1908 .9
ft/s

RE-
0.1915E~08
1/ft

INF

QDOT
Btu/

(ft2-s)

-0

.769
.242
.969
.321
.147
.277
.509
.381
.133
.779
.853
.317
.044
. 587
.045
.721

ool oNoRoNoNoNoNoJoNoRoNoNoNoNo

ALPHA

-0.07
deg

T-WATER
600 .83
deg R

H(.8 TO)
Btu/

(ft2-s-R)

.4487F-01
. 2604E-01
.2328E-0C1
.1813E-01
.1731E-01
.5793E-01
.510GQE-01
.6624E-01
.8201E-02
.5441E-02
.6267E-02
.4741E-01
.4403E-01
.2270E-01
.1764E-01
.2311E-01

eloleololoNoNoNeoRoNoNoNeoNoNoNo e

.2213E-02
.Y314E-02
.1148E-02
.$-.35E-03
.8538E-03
.2B57E-02
.2520E-02
.3267E-02
.4045E-03
.2683E-03
.3091E-03
.2338E-02
.2171E-02
.1120E-02
.8702E-03
. 1140E-02

Typical Data Table — From Wind Tunnel Test Run 0657
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ALPHA = 4°
-~ REFLECTED
BOW SHOCK
CONICAL BOW WAVE (TYPICAL)
SHOCK WAVE
(TYPICAL)

B o
MODEL AND
TUNNEL
CENTERLINE INTERSECTION
OF BOW SHOCK
WAVE WITH
TUNNEL WINDOWS
ALPHA=0° (TYPICAL)

Figure 17. Schlieren Photographs of the Flow field Qver the
Analytic Forebody
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clear that the reflected bow shock waves did not interfere with the flnw over the

model at anv of the angles of attack tested.

The bright areas surrounding the silhouette of the model highlight the houndarv
lavers along the top and hottom centerlines of the analytic forebody. Boundary
laver type, either laminar, transitional or turbulent, cannot be absolutely
determined. A definite change in the flow field can be seen near the surface alona
the top centerline as the flow expands into the shadow reginn,

Based on analvsis of the schlieren photographs, the flow fields surrounding the
analvtic forebody during the tests were free from anomalies which would invalidate
the data.

b, STAPAT Predictions of Boundarv Layer Edge Canditions

STAPAT predictions of the flow field properties at the edge of the houndarv
layer over the analytic forebody at zero angle of attack are shown in Figqure 18,
Isolines of Mach number, static temperature, static pressure and pressure
corfficient are shown from near the nose to near the base for radial locations from
the top centeriine, ¢ = 0°, to approximately ¢ = 100°  Mach numbers behind the
bow shock wave were less than the Mach 3.00 free-stream value as expected, with a
minimum value of Mach 2.13 located on the top centerline at an axial location of
approximately 3 in. Local Mach numbers increased to the free-stream value at an
axial location of approximately 6 in. and increased further to a value of Mach 3.49
after the flow expanded into the shadow region. Static temperatures and pressures
followed an oppnsite pattern. They were greater than free-stream values behind the
bow shock wave, decreased to free-stream values near an axial location of 6 in., and
decreased further in the expansion region.

Figure 19 is presented to show the effect of modification nf the STAHFT module
nof STAPAT to allow nonzero pressure coefficient, Cp, values in the shadow region.
The results from the unmodified code, Fiqure 19a, show Cp values of approximately
0.0 in a1l areas of the forebody aft of an axial location of 6.0 in, The results
from the modified code, Figure 19b, show negative CP values in the shadow region
and both axial and radial Cp gradients aft of an axial loncation of A.0 in,
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MEATING MODULE 1S0- AND STREAMLIMNE CONTCURS
MCH NO. < 3,90
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TTINF
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Figure 18. STAPAT Predictions of Flow Field Properties
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Figure 20 is presented for information onlv to show a more complete picture of
the distribution of streamlines over the analytic forebodv. The streamlines in
these two plots can be combined with those plotted in Figure 18a to give a total of
at least ?7-separate streamlines over the whale forebody. Figure 20b clearly shows
how the streamlines wrap around the canopy-like hump of the analytic forehedy (i.e.,
how they turn back toward the top centerline). Review of the other two plots shows
that the streamline wraparound only takes place in this reaion of the forebodv.

c. Surface Pressures

Figure ?1 is presented to provide comparisons of measured and predicted
pressures on the surface of the analvtic forehodv at zero angle of attack. Fiqure
?1a shows plots of Cp values as functions of axial location for three-radial
Tocatinns and Figure 21b shows Cp values as functions of radial location at an axial
station of 4 in. The measured CP values were obtained from the data presented in
Reference 6 for the analytic forebodv. Values for ¢ = 30 and 60° were ohtained
usina Tinear interpolation of the values for ¢ = 20 and 35° and ¢ = 50 and 70° ,
respectively. TInterpolations for Mach number, M, were not made; Cp data for both
M= 2.5 3and 3.95 are plotted.

Also shown along the bottom of the figure (and on most subsequent fiaures) is a
sketch of the top bhalf of the analytic forebody with the heat transfer rate gage
numbers and their approximate locations included. The svmbols help locate the
circumferential angles, the circles are for ¢ = 0°, the squares for ¢ = 3N°  and
the triangles for ¢ = 60°. The cross section shape nf the analytic forebody at an
axial distance of 4 in. is also shown,

Tn general, STAPAT adequately predicted the pressure distribution nver the
surface of *he analytic forebody. Both the data and predictions showed a sharp rise
in pressure along the centerline from the nose to a maximum value near an axial
station of 3.3 in, This was followed by sharp decreases in pressure in both the

axial and radial directions to levels which produced negative C, values near the

P
hase of the forebody. STAPAT under-predicted the pressure levels on the forward
portion of the forebody (axial stations less than 4 in.) but showed good aareement
with the measured values for axial stations greater than 4 in, (STAPAT predictions

are expected to be gond in the shadow region, because the data from Reference f
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influenced the development of the shadow reqion pressure coefficient correlation
equation used in the STAHET module of STAPAT,)

3. HEAT TRANSFER RATES
a. Typical Distributions From Wind Tunnel Data

The tabulated data from Figure 16 (for Run 0657) is plotted in Fiaure 22 to show
tvpical heat transfer rate distributions over the analytical forebody. The heating
rate values are in terms of QDOT and ST and include symbolic representations of the
estimated maximum uncertainties listed in Table 1. While the uncertainties were
relatively larae, they did not mask the overall level of heat transfer rates nor
their relationships with axial and radial locations.

The distributians for ODOT and ST were similar. The highest heatina rates
occurred on the top centerline of the forebndv at axial locations from ? in. to 4
in. and the Towest occurred in the shadow region. Heating rates along the ¢ = 30°
and ¢ = 60° radial locations were generally characterized by gradual decreases in
heatina rates with increasing axial lncations. These relationships of heat transfer
rates with axial and radial locations followed the same relationship just presented
for the measured and predicted surface pressures (Figure ?1). Therefore, the
measured heat transfer rates were stronqly dependent upon surface pressures.

b. Typical Distributions from STAPAT Predictions

STAPAT predictions of heat transfer rate distributions over the analvtic
forebodv for the typical test, Run 0657, are presented in Figures 73 and 2?4, Fiaure
?3 shows isolines of OQDOT and ST over the top half of the analytic forebodv, Figure
?4 incorporates a finer grid of isolines to show more details of the Stanton number
distribution,

These STAPAT-predicted distributions were similar to both the measured heat
transfer rate distributions and to the measured and predicted surface pressure
distributions. Strong gradients in heat transfer rates were predicted along the
axial direction for all radial locations, and significant gradients were predicted
along the radial direction for axial locations from 2 in, to 4 in. and from 7 in, to
9 in.
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¢. Fffect of STAPAT Tnput Variables

For heat transfer rate calculations, operation of the STAHET module of STAPAT
allows user selection of values for a number of input variables. Three that may
influence results for this program are the amount of forebodv smoothing (input
variable ISM0), the streamline type (KP) and the skin friction law (KCF). The
degrees of influence nf these variables on heat transfer rate, 0DOT, and Stanton
number, ST, were evaluated by repeating STAPAT predictions for Run 0657 using
different values for the variables. TSMO values of 1 (no body smoothing, the
default value), ? (intermediate body smoothing), and 3 (smoothing to a cone-like
body) were used. KP values of 0 (simplified streamlines) and 1 (modified Newtonian
streamlines, the default value) were used. KCF values of 0 (Spalding -~ Chi), 1 (Van
Driest 1), 2 (Van Driest TI, the default value), and 3 (White and Christoper) were

used.

STAPAT predictions snowed essentially no differences due to body smoothing
(1SM0) and ro di€ferences due to streamline tvpe (KP) up to an axial location of 6
in. After this (in the shadow region), the simplified streamlines (KP = 0) gave
sTightly larger QNOT and ST values than did the modified Newtonian streamlines (KP =
1), The type of skin friction law had a slight influence on heat transfer rates,
The KCF = 0 value yielded the smallest ODNT and ST values, with KCF = 2, KCF = 1,
and KCF = 3 yielding successively larger QDOT and ST values.

The results from this evaluation are summarized in Fiqure ?5. The STAPAT
predictions of ONOT and ST values for all variations in input variables are
contained hetween the two solid lines (except in the shadow region where values
obtained using simplified streamlines deviated from the other values). These bands
represent very small variations in heat transfer rate from the mean values,
approximately *0.4 Btu/(ftz's) for ODOT and +0,0007 for ST. These variatiors are
well helow the estimated uncertainties in the measured (DOT and ST values.

For these reasons, the default values for these three-input variables were
selected for all subsequent STAPAT runs. Predictions for Run 0657 using the default
values are given by the dashed lines in the figure and show that using the default
values yielded NDOT and ST values that were near the means.
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{Computer run times were influenced by selection of values for the input
variables., Run times on the Digital Equipment Corporation, VAX 8650 computer using
a KP value of 0 (simplified streamlines) ranged from 54 CPll s to 57 CPU s for all
values of forebodv smoothing (ISMN) and skin friction law (KCF). Run times using
KP = 1 {modified Newtonian streamlines) ranged from 89 CPU s to 94 CPU s, a 65
percent increase in run times over the run times for KP = n,)

d. Temperature Effects

As indicated by the equations used for wind tunnel data reducticn and for STAPAT
calculations, the heat transfer rate (in terms of 0ODOT and ST) at each gage location
is dependent upon the values of, and the relationship between, a number of temper-
atures. Measured-0ODOT values are proportional tn differences between gaae surface
and backface temperatures, These temperatures are influenced by the temperatuyre of
the water flowing through the model and bv the adiabatic wall temperature. STAPAT-
calculated ODNT values are proportional to differences between gage surface and
adiabatic wall temperatures. Measured and STAPAT-calculated ST values are dependent
upon surface, adiabatic wall, and tunnel stagnation temperatures. The tunnel
stagnation temperature was used to nondimensionalize other temperatures.

(1) Ratio, T-5/T0

The effects of variations in the ratio of gage surface temperature to tunnel
stagnation temperature, T-S/T0, on STAPAT-calculated heat transfer rates were
evaluated by repeating STAPAT predictions for Run 0657 using all 16 tabulated values
for T-S/T0, The results from this evaluation are summarized in Fiqures 7?6 and 27.

The STAPAT predictions of ONOT and ST values using minimum, average and
maximum values of T-S/TN are shown in Fiqure 26. There were large variations in
oNT with T-S/T0, For example, at an axial location of 3 in. on the top centerline,
nNOT varied from approximatelv 4.3 Bfu/(ffz's\ at a T-S/T0 ratio nf 1.08F to
approximately 7.5 Btu/(ft 's) at a T-S/T0 ratio of 1.202. STAPAT rredictions of
ODNT using the average value of T-S/T0 ratio were midwav between the ODOT values
nredicted using the minimum and maximum values of T-S/T0. There were verv small
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variations in ST with T-5/TN; the predicted Stanton numbers were essentially
independent of the ratio of qage surface temperature to tunnel stagnation

temperature,

Also shown on Figure 2?6 are the measured values of ODOT and ST with their
associated uncertainty estimates. The STAPAT-predicted values of ODOT essentially
baunded the measured values and generally frllowed the trends indicated bv the
measured values. The STAPAT-predicted values of ST showed aood agreement with the
magnitude of the measured values and with their distribution over the upper surface

nf the analytic forebody.

Figure 2?7 shows that there was 1ittle to gain bv using exact T-S/T0 values
fer STAPAT calculations of ODOT and ST for a particular gaae, lUsina the rxact
T-S/TN ratio gave no closer agreement with the measured values than using any value
{greater than 1.0V or the temperature ratio T-S/TO. A1l subseauent STAPAT runs

were made with a sinale value for T-S/T0, equal te 1.143,
2y Yater Temperature, T-1/ATER

The effeclts nf variations in backface temperatures on measured heat transfer
rates were evaluated bv adiustina the temperature of the water circulating through
the i..ernal passages of the model. Hot water heater temperatures were varied to
vield average inlet tn exit water temperature, T-WATER, values of nominallv A0,
540, 600, and 610 R, Typical results from this evaluation are summarized in Figure
i

Meacured values of ODOT and ST are shown in the fiqure for a T-WATER value
nf 583 R (Test Pun 0686) and a T-WATER value of 609 R {Test Run 0700), For a tunnel
staanation pressure of 200 psia and zero angle of attack, these temperatures were
near the minimum and maximum values tested and represerted the outer hounds of the
te<t data. The ONOT and ST data from the intermediate T-VATER temperatures were
between the values plotted. (The tunnel staqnation temperatures, T0, for Runs 0686
and 0700 were 461 R and 453 R, respectively. This small difference effectively
eliminated TO as an influencing parameter for these two test runs.) Also plotted in

the Figure are STAPAT-calculated ONNT and ST values for these runs for comparisen,
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(On1y one set of curves each for ODOT and ST are presented since T-WATER is not a

variable in STAPAT calculations.)

Measured-0ONNT values were significantly influenced bv backface wafer
temperature. For a given aage, ODOT increased with increasing T-WATER except in the
shadow region where ONOT values were essentially the same. Measured-ST values were
independent of backface water temperature for the range of temperatures studied.
This means that the use of the nondimensional heat transfer coefficient, the Stantan

number, effectively eliminated T-WATER as an influencing parameter,
’3)  Tunnel Stagnation Temperature, T0

The effects of variations in tunnel staanation temperatures, TN, on measured
and STAPAT-calculated heat transfer rates were evaluated by studying tests run with
values of T0 from 453 R to 495 R, Runs 0658, 0A66, 00676, and 0700, Typical results

from this evaluation are summarized in Figure 29.

Measured and STAPAT-calculated values of ODOT and ST are shown in the Fiqure
for a T0 value nf 453 R (Test Run 0700) and a 70 value of 495 R (Test Run 0666).
The 0ODOT and ST values from intermediate TO temperatures were between the values
plotted. (The backface temperature, in terms of T-WATEP, for Rurs 0700 and 0666
were essentially the same (A10 R), thus eliminating T-WATER as an influencing

parameter for these two test runs.)

For a given gage, both the measured and STAPAT-calculated ODOT values
increased with decreasing tunnel stagnation temperature except in the shadow region
where ONOT values were essentially the same, The measured increases in ONOT were
slightlv Targer than the increases calculated by STAPAT., Roth the measured and
calculated-ST values were independent of tunnel staanation temperature for the range
of temperatures studied. Agreement was gond hetween the measured and the
STAPAT-calculated Stanton numbers,

(4) Adiabatic Wall Temperature, TAw

The effects of uncertainties in adiabatic wall temperature, TAU’ or
measured-Stanton numbers were evaluated by consideration of the differences among
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theoretical, calculated, and experimentally determined values of TAN' The adiabatic
wall (or recovery) temperature is the equilibrium surface temperature that would be
reached, in the case of a high-velocity gas flow past a surface, when the
rate-of-heat input by frictional dissipation equals the rate-of-heat convection away
from the surface (Reference 10). Adiabatic wall temperatures can be calculated
(estimated) using boundary layer edge flow conditions and a recovery factor whose
value is determined from experimentally derived correlations involving flow
conditions which are usually expressed in terms of the Prandtl number. Adiabatic
wall temperatures can also be obtained experimentally by measuring the wall
temperature {T-S in the case of these tests) when the heat transfer rate (CDOT in

this case) equals zero.

The measured Stanton number, ST, values tabulated herein were determined using
a (somewhat arbitrary and constant) theoretical value of TAH equal to 0.90 T0O. For
wind tunnel Test Run 0700 and using a T7-S/T0 value of 1,143, STAPAT calculated TAU
values equal to 0.94 TD for gages 7, 8 and 9 {at axial lncations of 2, 3 and 4 in.,
respectively). Gross extrapolations of data plots of heat transfer rate, ODOT,
versus gage surface temperature, T-S, were made for Runs 0686 and 0700 from the QDOT
and T-S values measured to the T-S value where ONNT would be zern. This yielded
experimentally determined TAw values of approximately 0.94 T0, 0,96 TO and 00,98 T0
for gages 7, 9, and B, respectively.

This means that the STAPAT-calculated value of TAu
to the experimentally determined values of from 0.94 TO to 0.98 TO than to the

equal to 0.94 T0 is closer

theoretical value of 0.90 TO which was used tn determine the measured-ST values.

'se of a Targer theoretical value, say 0.94 T0, would yield measured Stanton number
values that are approximately 20 percent larger than the vaiues tabulated. While
this might give closer agreement between measured and STAPAT-calculated Stanton
numbers, the differences fall within the band of estimated uncertainty and therefore
do not justify making any correction to the tabulated data.

(5) Use of Stanton Number to Eliminate Temperature Effects

The measured values of heat transfer rate, ODOT, were shown to he influenced
by test dependent temperatures T-WATER and TO. The STAPAT-calculated values of 0ODOT
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were shown to be influenced slightly by the test dependent temperature TN and
significantly by the unknown (apriori) surface (outer wall) temperature, T-S. Even
though the measured Stanton number (based on free-stream conditions) was dependent
on the unknown (not measured) temperature TAW and the STAPAT-calculated Stanton
number (also based on free-stream conditions) was dependent on the unknown
temperatures TAW and T7-S, the use of this nondimensional heat transfer coefficient,
the Stanton number, ST, was shown to be the best way to evaluate heat transfer rates
over the analytic forebody for these tests. It effectively eliminated heat transfer
rate dependency upon temperatures that were test dependent and/or unknown.
Therefore, all subsequent test evaluations and comparisons were made using only the
Stanton number,

e. Effect of Tunnel Stagnation Pressure

(1) Stanton Number Distributions

The effects of variations in tunnel stagnation pressures, PO, on measured
and STAPAT-calculated Stanton numbers were evaluated by studyina Test Runs 0657,
0658, 0659, and 0660 which were conducted at nominal PO values of 100, 200, 300 and
400 psia, respectively. Typical results from this evaluation are summarized in
Figure 30.

Measured and STAPAT-calculated values of ST are shown in the figure for PO
values of 100 and 400 psia. The STAPAT-calculated ST values from intermediate PO
pressures were between the values plotted. The measured-ST values for PO values of
300 and 400 psia were essentially the same; the measured ST values for a PO of 200
psia were approximately midway between the values plotted.

Both the measured and STAPAT-calculated Stanton numbers decreased with
increasina tunnel stagnation pressure, except for the measured Stanton numbers in
the shadow region where the values were essentially the same. STAPAT predicted
slightly larger Stanton number decreases with increasing stagnation pressure than
were measured. Overall, there was very good agreement between measured and
STAPAT-calculated Stanton numbers for all stagnation pressures tested.
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Figure 30. Effect of Tunnel Stagnation Pressure on Heat Transfer Rates
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(2) Roundary Layer Type

The relatively large variation in tunnel stagnation pressure, which was
accompanied by a correspondingly large free-stream unit Reynolds number variation of
from 16 to 76 million per ft, did not affect the general distribution of Stanton
number over the analytic forebody. This result, coupled with the good agreement
between the measured values and the values calculated by STAPAT (which assumes 3
turbulent boundary layer), leads to the conclusion that the boundary Tayer over the
analytic forebody was turbulent throughout the test program.

f. Spanwise Gradients

(1} Stanton Number Nistributions

As the tvpical distributions from STAPAT calculations showed (Figures 23 and
?4), STAPAT predicted large spanwise gradients in Stanton number over the forward
portion of the analytic forebody. This variation is also illustrated in Figure 31
far Run 0657 at an axial location of 4 in, Stanton number decreased from a value of
0.0030 on the top centerline where ¢ = 0, to a value of approximately 0.0016 for
40 < % < 90°. Also shown on the figure are the measured values of ST, The values
at ¢ = 30 and 60° were obtained from linear interpolation of the values from the
gages on either side of X = 4 in, There was very good agreement between the

measured and STAPAT-calculated spanwise distributions of Stanton number.

(2) Strong Influence of Surface Pressures

In STAPAT calculations, Stanton numbers are directly proportional to surface Mach
numbers, static pressures and static temperatures. Figure 18 shows that the Mach
number can be expected to increase in the spanwise direction while the static
pressures and temperatures decrease. The increase in Mach number and the decrease
in static temperature were relatively small and effectively cancelled out each
other. The decrease in static pressure was large, approximately 47 percent, and is
almost equal to the spanwise decrease in Stanton number. Therefore, the magnitudes
of the Stanton number values and their distributions over the analytic forebody were
primarily dependent on surface pressures for these tests.
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Figure 31. Spanwise Distribution of Heat Transfer Rates
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4, Angle-of-Attack Fffects

To study the effects of angle of attack, ALPHA, on heat transfer rates and other
flow field properties, wind tunnel tests and STAPAT calculations were accomplished
at zero and nonzero angles of attack of the analytic forebody. Angies of attack of
-4, -3, 0, 43 and +4° were tested for various combinations of backface water temper-
ature, tunnel stagnation pressure and tunnel stagnation temperature. Since STAPAT
would only operate at negative nonzern angles of attack, calculations were made at
ALPHA = -3° for comparison with {1) measured-heat transfer rate data, (?) zero
angle-of-attack predictions, and (3) surface pressure data reported in Reference 6.

a. Heat Transfer Rates

The effects of variations in angle of attack of the analvtic farebody an
measured and STAPAT-calculated Stanton numbers were evaluated by studyinag Test Runc
ne70, 0672, 0666, 0674, and 0668 which were conducted at values of -4, -3, 0, +3 and
+4°, respectively. Typical results from this evaluation are summarized in Figure
32,

Measured values of Stanton number are shown in the figure for ALPHA values of -3
and +3°, Measured Stanton numbers for ALPHA values of -4 and +4° were essentially
the same as the ST values for ALPHA values of -3 and +3°, respectively. Measured-ST
values for ero angle of attack were between the values plotted. STAPAT-calculated
values of Stanton number for ALPHA = -3° were obtained from the heat transfer rate
distributions shown in Figure 33.

Both the measured and STAPAT-calculated Stanton numbers decreased onlv slightly
with increasing anale of attack. Agreement was good between the measured and the
STAPAT-calculated Stanton numbers for variations in angle of attack.

b. Flow Field

The effects nf variations in angle of attack of the analytic forebody on flow
field properties were determined by comparison of the streamline and isoline
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Figure 32. Effect of Angle of Attack on Heat Transfer Rates
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contours presented in Figure 34 for ALPHA = -3” with those in Figure 18 for ALPHA -
0°. The effects of ALPHA variations on surface pressures were determined by
comparison of the pressure values in these fiqures with those values reported in
Reference 6.

Most striking was the effect anqle-of -attack variaticns had on the shape of the
streamlines. At zerc angle of attack, Figure 1R, the streamlines came off the nose
with essentially zero slope in the ¢ , X plane, while at an angle of attack of -37,
Fiaure 34, the radial location of a given Streamline increased significantly with

increasing axial location.

fiverall, the shapes of the distributions of Mach number, temperature and
nressure were independent of angle of attack for the two angles studied. A sliaht
Aifference was in the axial location where the pressure coefficient, Fp, decreased
- zern, On the top renterline the axial location where Cp
supeaximately 6.0 in. for zern ancle of attack and sliahtly greater than 6.0 in. for

equaled zero was

anoangle nf at+ack nf =37,

While the dictributions were similar, the magrnitudes of the values were
A*"terent,  Along the top centerline and at axial lncation of 3 in. for evample, the
CTAPAT-ralculated values of Mach number, static temperature, and static pressure for
LUPHA = -3 were approximately 6 percent lower, 5 percent higher, and 14 percent
nigher, respectively, than those calculated for zern angle of attack. This

TAPAT-calenlated increase in static (surface) pressure of 14 percent at this
locatior aareed very well with the approximately 16-persent increase in surface

pressure which was reported in Reference 6,
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SECTION V

CONCLUSIONS AND RECOMMENNATIANS

1. CONCLUSTONS

Rased on results from tests with the tunnel interference effects models and from
analvsis of schlieren photographs taken during the test program, the flow fields
surrounding the analytic forebody were determined to be free from anomalies which
would invalidate the data.

The wide range of measured-backface temperatures showed that a separate
thermocouple junction on the backface of each heat transfer rate gage was required
for application of the technique for heat transfer testing in cold flow wind tunnels
usina the analytic forebody.

The boundary layer over the analytic forebodv was determined to be turbulent
throughout the test program,

While the estimated maximum uncertainties of the heat transfer data were
relatively Targe, thev did not mask the overall level of heat transfer rates nor

their relationships with axial and radial locations over the analvtic forebodv.

Variations in values for input variables of forebody smoothing, streamline *vpe,
and skin friction Yaw had neqligible effect on STAPAT-calculated heat transfer
rates. However, computer run times for runs using modified Newtonian streamlines
were A5 percent longer than for runs using simplified streamlines. Forebody
smoothina and skin friction law variations had neqligible effects on computer run

times,

In general, STAPAT correctly predicted the pressure distribution over the
surface nf the analvtic forebody. STAPAT under-predicted the pressure levels on the
foreward portion of the forebody but showed very qnod aareement with the data
elsewhere. The magnitudes of the Stanton number values and their distributions over

the analytic forebody were primarily deperndent on surface prescures.
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Both measured and STAPAT calculations showed strong gradients in pressure and
heat transfer rates along the axial direction for all rad®al locations and
significant gradients along the radial direction for axial locations from 2 in. to 4

in, and from 7 in. to 9 in.

Heat transfer rates, in terms of ODOT, were significantly influenced by tunnel
staanation temperatures, cage surface temperatures and backface [(water)
temperatures. Use of the nondimensional heat transfer coefficient, the Stanton
number, ST, effectively eliminated heat transfer rate dependency upon temperatures
that were test dependent and/or unknown and therefore was shown to be the hest way

to evatuate heat transfer rates over the analvtic forebody for these tests,

Agreement was very good between the measured and STAPAT-calculated Stanton
number relationships with tunnel stagnation pressure, Both showed a slight but

general decrease in Stanton number with increasing pressure.

Stanten number decreased only slightly with increasing angle of attack:
Aareement was good between the measured and STAPAT-calculated Stanton numbhers far

variations in angle of attack.

The STAPAT computer program, as modified in the STAHET module to include
nonwedge shaped wind tunnel models, nonzero pressure coefficients in shadow regions
and nonzero anales of attack, has been shown to predict surface pressures and heat
transfer rates over the analvtic forebody that are in agood agreement with

experimental data.

The magnitudes of the measured-heat transfer rates, their distribution over the
analvtic forebodv and their good agreement with STAPAT calculations comhined to
provide validations of both the STAHET module of the STAPAT program and the

experimental technique for heat transfer testina in cold flow wind tunnels,
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?. RECOMMENDATIONS

A11 copies of the STAHEY module of STAPAT should be modified to include nonwedge
shaped wind tunnel models, nonzero angles of attack and nonzero pressure
coefficients in body shadow regions. For calculation of pressures in body shadow
regions, the correlation equation given in Section TIU should be considered for use,

lhen running STAHET, the user should verify that the STAPAT-predicted surface
pressures are sufficiently cinse to the desired modified Newtonian pressures using
known values for free-stream conditions and body surface slope angles. If the
pressures are not close enough, the number of axial and/or circumferential stations

of the forebodv model should be adiusted (increased).
When selecting test methnds and facilities for simulation of aerothermodynamics

at supersonic speeds, the experimental techriaue for heat transfer rate testing in
cnld flow wind tunnels as described in this report should be considered for use.
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AA thru HH,
00 and PP

ALPD

ALPHA

AR

CPl

SHADOW

FLT

H(.9 Tn)

LIST OF SYMBOLS

Temporary computer code variables

Angle of attack, deg
Angle of attack, deg
Amplification Ratio
Central Pracessor lnit

2,,.2
Specific heat of air at constant pressure, ft“/(s% R)
Pressure coefficient

Minimum pressure coefficient for supersonic
flow

Pressure coefficient based on stagnation (total)
pressure downstream of a normal shock wave

Pressure coefficient in the shadow region of
a body

Thickness of the gage, in,
STAPAT input variable - indicates fliaht case
Convection heat transfer coefficient

Heat transfer coefficient based on an adiabatic wall
temperature equal to 0.9 TO, Rtu/(ft?-s-R)
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TSMO

KCF

KNDE

KP

M

MU-TNF

M.

PHI

PHI

PTNF

P-TNF

PN

LIST OF SYMROLS (Continued)
STAPAT input variable - forebody smoothing
Thermal conductivity of the gage, Btu/(ft.s.R)
STAPAT input variable - skin friction law
STAPAT input variable - atmospheric model indicator
STAPAT input variable - streamline type
Length of the analytic forebody, in.
Free-stream Mach number
Free-stream ahsolute viscosity, Thf.s/ff?
Free-stream Mach number
Body surface pressure

Local static pressure

Cross-sectional polar coordinate angle of the STAPAT
model nf the analytic forebody, deg

age circumferential angle locatinn, deg
Free-stream static pressure
Free-stream static pressure, psia

Tunnel stagnation pressuve, psia
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0poT

OTNF

RE-TNF

RHO-INF

ST

T-BF

TINF

T-INF

T0

LIST OF SYMBOLS (Continued)

Total (stagnation) pressure downstream of a normal shock
wave

Free-stream static pressure
Heat transfer rate, Btu/(ft> s)
Free-stream dynamic pressure
Conduction heat transfer rate
Convection heat transfer rate

Cross-sectional radial polar coordinate of the STAPAT
medel of the analytic forebndy, in,

Radial distances used in describing the analytic
forebody, in.

Free-stream unit Reynolds number, ft'l
Free-stream static density, 1bf-52/ft4

Stanton number based on free-stream conditions
Local static temperature

Backface (inner wall) temperature, R
Free-stream static temperature

Free-stream static temperature, R

Tunnel stagnation temperature, R
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T-s
T-5/T0
T-WATER
T

V-INF

Subseript

AVE

LIST OF SYMBOLS (Concluded)

Surface (nuter wall) temperature, R

Ratio, T-S and T0O

Averaae value of the inlet and outlet water temperatuyres, R

Adiabatic wall temperature

Free-stream velocity, ft/s

Gage axial station Tocation, in.

Coordinates along the X, Y and 7 axes of the
analytic forebody, in.

Ratio of specific heats
Body slape angle; the angle between the free-stream
flow direction and the tangency plane of a point

on a bodyv, deg

Cross-sectional polar coordinate angle of the STAPAT
model of the analytic forebody, deg

Polar angle used in describing the analytic forebody, rad

Average value of differences between hackface and surface
temperatures
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NOTES: For those data reduction parameters (such as free-stream static temperature)
Tisted in the tabulated output (see the Appendix), the svmbols presented in the List
of Symbols and in the equations, figures, and text of the report are the same as the
nonstandard symbols (such as T-INF) used in the tabulated output. Standard and
nonstandard symbols in plots from the STAPAT postprocessor were used unchanged in
this report. Symbols for other parameters used in this report are presented in more
conve tional notation.

For those symbols where no units are given, any consistent set of units
apply.
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APPENDIX

WIND TUNNEL TEST DATA TABULATIONS

Copies ¢~ tabulations of the data from all 51 wind tunnel tests of the analytic
forebody are presented in this Appendix.
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MACH 3 CANOPY TEST RUN BT
T-INF P INF RHO - INF vV OINF AlLPHA
178.92 5.63 0.2639FE 02 19,3 7 -0 06
1eg R psia stug/f fr/s )
TO ro MU - INF RE I T WATEKR
496 .68 200.53 0. 14390L OR O 3HR2E -0k 601 44
deg R puia Thfs/tt? [RER! fen B
GAGE X PHI T R¥ TS T S/ QP()T Hgt g T S
in. deq deqg R leq R Sty B u,f
(Ft-s5) It )
] 2.75H KOO 581 99 Has 47 1 O8R4 7. 759 O BA84E 01 O 21328 O°
2 3.75 60.0 544 65 544 76 1 097 0 036 0.3685E 03 0.9259E 0h
3 4.75 60.0 556 38 541 .05 1 085 4.071 0.4196E-01 0.1054E-0C
5 6.7 60.0 545 58 534 02 1 075 4 K15 O 4385FE 01 O0.1102F 02
6 775 600 51711 53R 47 1 084 2 RrR49 O d115E 01 O .782RE- G«
7 2.00 00 526 29 508 . 36 1 0249 > 910 0. 0642E 01 0.2423F 02
8 3.00 0.0 519 .85 506 &1 1 018 4 733 0 8092E-01 O 2034E 02
a9 4. .00 0.0 534.70 512.57 1 032 7 302 0.1114E-00 0.2799E 02
12 7.00 0.0 h60 .68 5h5.CC 1 117 1 867 0.1728F. 01 0O 4343E-03
13 800 0.0 566 .33 562 54 : 133 1.250  0.1082E-C1 0O 2718E-03
14 8.00 0.0 557 .85 553 94 1.1457 1,290 0.1208E-01 O 3031E-03
15 2.50 30.0 547 55 527 .40 1 062 6649 0 8271E 01 O 2078E-02
16 3.50 30.0 549.12 528.73 1.067 6.306 0.7732E 01 0.1943k- 02
17 4.50 30.0 537.72 528.00 1.063 3.207 0. 3Q59E -1 0.9949L- 03
18 5.50 30.0 536.96 528 71 1.064 2.723 0 3333E 01 O 8376E-03
18 6.50 30.0 580 . KRS 580.79 1 166 0. 019 O 1422F 03 o 35L74E O
MACH 3 CANOPY TEST RUN= 0655
T INF P INF RO INF VoInE ALPHA
1749 29 8 42 O 3810F 02 105, > o0
deg © J5ta siu/ fr ft’ fer
™ PO MU TNF RE INF T waTF
497 74 300 09 0 14421F 06 0. 5344E-On 6500 T
Ao P nsia Thfesift 1o e F
GAGE X PHI T BF T S T S. T LYDOT H o ow T =T
in.  deq feg P deqg | DR B
e AN
1 2.75 60.0 553 .56 524 61 1.0564 o 552 O 1246E-00 02045k 0O¢
2 3.75 60.0 531.88 H32.03 1064 0O 040 O H8QOE 03 -0.9900E-0
3 4.75 B0.O 545 .93 530 .49 1 066 5,096 0.6174E 01 0.103%E G2
5 675 80 0 532 4% L1807 1 041 1 746 O B769E 01 0. 1138E 02
6 7 7% 6.0 533.63  HZ2.91 1.051 3 537 O ATIRE 01 0 7931E ¢k
7 2.00 0.0 016 23 495 36 0 995 6 oY O 14300 0 2325E O
R 300 0.0 508.25 492 .65 0,900 HO1EN0 O 1153100 0. 1938E 02
%] 4 00 00 H23 7R 1498 . R6 1.002 ~ 22¢ 0 1615FK.00 0.2715F O2
12 7 00 0.0 544 .65 5142.16 1.084 O =30 N XRKRTE 00 0.1494FE 03
13 8 .00 00 H57 .26 552.06 I 109 1 717 0 164QE 01 O 27725-03
14 a9.00 0.0 546 70 541 . 46 1.0%% 1 730 (0 1850E 01 0 3108E-03
15 2.50 30.0 537 .18 513 .29 1.031 7 R84 ¢ 120700 O 2026E O2
16 3 50 300 538 22 515.16 1. 03~ 7 B60R 0.1132F-00 0 .1903E-02
17 4.50 30.0 h24 .66 513.00 1.031 -4 844 ¢ H811E 01 0.8937E-03
18 5.50 300 h22 .R7 512.99 1.031 3 261 O 5015E 01 0 .8430E-03
19 6 50 30.0 575.46 575.19 1.156 0O 0OR9 O 6I71FE 03 G 1172E 04
e - - & e — -
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MACH 3 CANOPY TEST RUN. 0656

T-INF P-INF RHO INF VvV INF AlLPHA
4 178.97 11.25 0.5274E-02 1854 .0 0.07
: deg R psia slug/ft3 ft/s deg
4 TO PD MU INF RE INF T WATER
496 .83 400 .94 0.14394E 06 0.71L9E . OR U RT
deq R psia 1bf.-s/ft 171t deaq R
GAGE X PHI T-BF T-S T S/T0 QhoT H( o T ST
in degq deg R deg R Rty/ Bt
(Ft2-s) (i -5-R)
1 2.75 60.0 546 .13 512 .66 1.032 -11.045 0.1686E+00 0.2120E 02
2 3.75 60.0 521 09 521 .24 1.049 0.047 -0.6365E-03 -0.R001E-05
3 4.75 60.0 535.99 518.90 1.044 -5 987 0.8316E-01 O.1045E-02
5 6.75 60.0 520 53 504 .12 1.015 5.413 0.9501E-01 0.1194E-02
6 7.75 60.0 521.96 509.57 1.026 -4.087 0.6548E-01 O0.8231E-03
7 2.00 0.0 506 .11 484 .76 0.976 7.047 0.1874E+00 0.2356E-02
8 3.00 0.0 498 . 68 482.19 0.971 -5.442 0.1553E+00 0.1952E-02
9 4.00 0.0 514.73 487 .81 0.982 8 885 0.2186E+00 0.2747E-02
2 7.00 0.0 540.50 530.97 1.060 -3.145 0.3752E-01 0.4716E-03
13 8.00 0.0 548 .87 542 28 1.081 -2.175 0.2286E-01 0.2873E-03
14 9.00 0.0 537.22 530.78 1.068 2.128 0.2544E-01 O0O.3198E-03
15 2.50 30.0 528.37 501.47 1.0080 -8.877 0.1634E+00 0.2054E-02
16 3.50 30.0 528 .62 502.85 1.012 -8.506 0.1527E+00 0.1920E-02
17 4.50 30.0 514.19 500 .90 1.008 -4.383 0.8154E-01 O0.1025E-02
18 5.50 30.0 511.85 500.43 1.007 -3.703 0.6950E-01 0.8736E-03
19 6.50 30.0 571.21 570.67 1.14¢ -0.177 0.1437E-02 O0.1806E -04
MACH 3 CANOPY TEST RUN= 0857
T-INF P-INF RHO-INF vV INF ALPHA
170.80 2.80 0.1376E-~-02 1908 .9 -0 07
d deg R psia slug/ft? ft/s deq
™ PO MU INF RE- INF T WATER
1 474 .16 99 .83 0.13717E-06 0 1915E-+0R 600 K3
deq R psia 1bf-s/ft7 1/fFt Ao 1
GAGE X PHI T-BF T-S T-$/T0 QpoT H( 9 TO) ST
in. deq deq R deg R Btu/ Btu/
(ft7-s) (£t ¢-R)
1 2.75 60.0 572 80 505.31 1.171 5.769 0.4487E-01 0.2213E 02
2 3.75 60.0 558.30 548 .47 1.157 -3.242 0.2664E-01 0O 1314E-02
1 3 4.75 60.0 563.29 554.29 1.160 -2.969 0.2328E-01 O0.1148E-02
5 6.75 80.0 555.14 548.10 1.156 -2.321 0.1913E-01 0.9435E 03
6 7.75 60.0 557.25 550.75 1.162 2.147 0.1731E-01 0.8538E 03
7 2.00 0.0 533.83 517 .84 1.082 -5.277 0.5793E-01 O 2857E-02
J 8 3.00 0.0 528.66 515.00 1.086 -4.500 0.5100E-01 0 . 2520F-02
9 4.00 0.0 542.42 523.09 1.103 -6.381 0.6624E-01 0.3287E 02
12 7.00 0.0 568.24 564 .81 1.191 -1.133 0.8201E-02 0.4045E 03
13 8.00 0.0 572.19 560 .83 1.202 -0.779 0.5441E-02 0.2683E-03
14 9.00 0.0 565.44 582 .86 1.187 -0.853 0.6267E-02 0.3081E-03
15 2.50 30.0 555.01 538.90 1.137 -5.317 0.4741E-01 0©.2338E-02
16 3.50 30.0 556.59 541 .31 1.142 -5.044 0.4403E-01 O.2171E-02
17 4.50 30.0 548.57 540.73 1.140 -2.587 0.2270E-01 O.1120E-02
1 18 5.50 30.0 548 .82 542.62 1.144 -2.045 0.1764E 01 0O 8702E-03
19 6.50 30.0 552.69 544 .44 1.148 -2.721 0.2311E-01 O 1140E-0?2
a7




AFWAL-TR-87-3091

MACH 3 CANOPY TEST

T- INF
170.50
deq R
T
473 .31
deg R
GAGE X
mn
1 2.75
2 3.75
3 4.75
B) 6.75
86 7.75
7 2.00
8 3.00
9 4.00
12 7.00
13 8.00
14 9.00
15 2.50
16 3.50
17 4.50
18 5.50
19 6.50

MACH 3 CANOPY TES1

T INF
171 17
deq

™

475 .18
deq P

GAGE

NN Do
e

~N
o

mm&wuomqawwqmnpp

8BLELB8888

RUN-  OB5HR
P- INF RHO INF V INF ALPHA
5.59 0.2753E 02 1907 .2 0 01
psia slua/ft? ftis deq
PO MU INF R INE T WATER
199 3¢ 0. 13662k 06 O 4KE8 1 uR fult T4
psia 1bf-s/ft” 174t dey
PHI T BF T-8 T-S:TO QDOT H( 9 TO)
deq deq R deq P Btu/ Btu/
1F12.5) [ft7.5.R)
60.0 563 .48 536.51 1.134 .90 0 .8052E 01
60.0 541 .49 526.18 1.112 -5.063 0 5043E-01
60.0 548 .67 534 .31 1.128 -4.740 0.4375K -01
80.0 535.65 524 .68 1.309 -3.620 0.3668E 01
60.0 ~37.88 AT 73 1 1158 -2 440 C.3201F Q01
0.0 513.16 492 .03 1.040 -6 974 0.1056F+00
0.0 506 .41 488 .83 1.033 5.801 0.9230E- 01
0.0 523.06 496.96 1.050 -8.614 0.1214E+00
0.0 554.14 547 .70 1.1567 -2.126 0.1747E-01
0.0 560.70 556.39 1.176 -1.423 0.1081E-01
0.0 550.78 546 .08 1.154 -1.549 0.1200E-01
30.0 538.53 514 .68 1.087 -7.872 0 .8875E 01
30.0 539.82 517.33 1.083 -7 421 0.R123E-01
30.0 527 .53 516.02 1.000 -3.797 0.4217E-01
30.0 526 .92 517 .55 1.083 -3.091 0.3375E 01
30.0 532.56 519 .84 1.098 -4.2C7 0.4482FE-01
Kle; OARLQ
P- INF RHO TNF vV INF AL.PHA
8.41 $.43123E 02 1811 O o O
psia sluq/ft? ft/s Aen
PO MU INF Ri: INF T WATILH
294 76 0.13748FE 06 Q0 5731E.08 6O ST
psia Ibt.sift” 114 Agy O
PHI T RF TS T <'T0 QDOT H( 9 T
dedq deq R deg P Cy/ D/
(ft7.9)  (ft2.s5.R)
60.0 5556.70 522.40 1.100 - 10.960 O 11586E-00
60.0 531.009 512.10 1.078 . 266 0.7420E-01
60.0 530.30 521.25 1.097 5.955 0.6363E-01
60.0 523.00 500.54 1.072 4.442 0 5425E-01
60.0 524 .85 512.42 1.078 4.103 0.4841E 01
0.0 502 .89 479 4K 1.009 7.725 0.1491E-00
0.0 485.41 476 .48 1.003 6. 250 0.12R1E+00
0.0 512.92 483 .74 1.018 9.628 0.1717E-00
0.0 544 .38 535.58 1.127 2. 900 0 2687F. 01
0.0 552.64 546 .78 1.151 1 935 0 1625E -01
0.0 540 .57 534 .39 1.125 2 040 0.1911E- 01
30.0 528 .97 500.80 1.054 g. 208 O 1271E+00
30.0 520.87 502.95 1.058 8.816 0.1171E+00
30.0 514 B7 501.09 1.055 4.549 0.6196E 01
30.0 513.23 501.94 1.056 3 728 0.5019E 01
30.0 521.72 504 .43 1.082 5.706 0.7432E 01
88

OCOO0O0O0OO0O0O00O000OOQOC

ST

.1687E 02
-1244F 02
.1079E-0%
Q046E- 03
#120E 04
. 2605E- 02
2277F-02
(2894E 02
.4309E-03
.2692E-03
.3182E-03
.2190E-02
.2004E.- 02
. 1040E-02
.8327E-03
.1106E--02

S1901E
12208
1046E
801GE O3
7959E -03
2451E- 02
.2106E-02
2823E 02
.4419E-03
.2672E -0R
.3143E-03
.2000E. 02
-1925E-02
.1019E-02
.R253E-03
1222E-02

o
02
o2

OOOOOOOOOOOQO_OOC




AFWAL-TR-87-3091

MACH 3 CANOPY TEST

T-INF
172.00
deg R

TO
477 .49
deq R

GAGE X
P in.

CRID W —
88

-t~
—t
N
c»m.uwwtoooq.bwmsr.»:n_wgo

£85358888

T-INF
168.71
deg R

TO
468.35
deg R

—
[ M
Obb“hwwfﬁm\lb@&.\l@é@?\)

LLLELI83888

MACH 3 CANOPY TEST

e s

RUN= 0660
P-INF RHO  INF
11.21 0.5471E 02
psia slug/ft3
PO MU- INF
3009.72 0.13817F 06
psia 1bf.s/ft”
PH1 T BF T-S
dea dea R dea R
60.0 54¢ .28 511.37 1.071
60.0 521.89 500.19 1.048
80.0 530.70 510.02 1.068
_’RN.0 512 .87 4097 .48 1.042
80.0 514.03 499 .80 1.047
0.0 494 .79 469 .99 0.984
0.0 486 .98 487 .26 0.979
0.0 504.76 473.66 0.992
0.0 534 .86 523 .86 1.087
0.0 544 42 537 .14 1.125
0.0 531.11 523.69 1.097
30.0 520.82 489 .49 1.025
30.0 520.71 491 .15 1.029
30.0 504 .42 489 .09 1.024
0.0 501 .96 489 .41 1. 025
30.0 509.44 491.72 1.030
RUN:= 0681
P-INF RHO- INF
2.80 0.1394E-02
psia slug/ft3
PO MU- INF
99.91 0.13543E-06 0
psia 1bf.s/ft?
PH1 T-BF T-S T-S/T0
deq dea R deg R
60.0 566 .05 547 .55 1.169
60.0 555.69 545 .23 1.164
60.0 560.74 551.08 1.177
80.0 552.48 544 .95 1.164
80.0 554 .32 h47 30 1.180
0.0 528 .82 511.66 1.092
0.0 523 .68 508 .24 1.087
0.0 537 .85 517.07 1.104
0.0 564.13 559.75 1.195
0.0 568 .97 566 .07 1.209
0.0 563.16 560.34 1.196
30.0 551 .81 534.53 1.141
30.0 553.53 537 .31 1.147
30.0 545.04 536 .82 1.146
30.0 544 .56 537 .87 1.148
30.0 551.50 540 . RC 1 15¢
89

V- INF
1815 6
ft/s

RE

INF

0. 7585E-08

1/t

T-S/T0 QUUT

Btu/

(ft7-s)
510
-7.

12

-6
5

-10
-9

161

.822
.079
4.
-8.
-6.
-10.
-3.
-2.
-2.
.340
.754
5.059
4.
5. 848

697
186
508
261
631
401
447

143

VoI
1897 .2

ft/s

RE

.1953E.- 08

INF

1/ft

QpOT
Btu/

(ft7.q)
.108
.453

318

767
.857

.958

930

.702

353
710

.208
.0i6

ALPHA
0 OR
deg

T WATER
600 .30
deq R

H(.9 TO)
Btu/
(ft?-5-R)
.1533E+00
1017E+00
.8B498E-01
7498E-01
.6705E-01
. 2034E+00
.1735E+:00
2337E+00
.3858E-01
.2235E-01
2605E-01
1731E+00
1580E+00
8526E-01
.6044E- 01
.9437E-01

0000000000000 00D

ALTHA
3.08
deg

T-WATER
600 4!
deq "

H( 9 TO
Btu/

fft7.5-R)
48441 -01
L2791E- Oy
2461L- 01
2014E-01
1841E-01
.6282E-01
5434E-01
.7176E-01
1046E-01
.6631E-02
.6609E-02
.5045E-01
. 4623E-01
.2351E-01
.1897E- 01
.2946E-01

CO000OD0000D0CO0

OOOOOOQQ_OQOOOOOO

000000000000 000D

ST

.1894E -02
. 1256E -02

1050E-02

.9260E-03
.8288E-03

2514E-02
2144E-02
2888E-02
4769E-03
2763E-03

.3219E-03
.2130E-02
. 1964E--02
.1054E--02

8583LE -03
1166E - 02

ST

\2373E 02
.1367E -02
. 1205E-02

G864E-03
OC18E -03
3077E-02
2661E-02

.3514E-02
.5124E-03

3248E-03
3281E-03

.2471E-02

2264E-02

.1151E-02

9281E-02

. 1443E-02

M
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AFWAL-TR~87-3091
MACH 3 CANOPY TEST RUN 662
T- INF P INF RHO INF v INF ALIHA
160.80 5.60 0.2768E-02 1903 ® 3 00
deq R psia stua/ft’ AR deq
TO PO MU' INF RE 1% T WATER
471.63 199.79 0.13641F 06 O 326408 600 . 34
deg R psia Tbt-s/ft 1t deq
GAGE X PHI T BF TS T S/T0 QHOT H{ 6 TO) ST
in. deg deg P Jey P Bt/ Btu/
(ft7-5)  (ft7-5°R)
1 2.75 60.0 556 .76 520 .32 1 122 9.057 0 .R638E 01 0.2123FK 02
2 3.75 60.0 539.36 523 .54 1.110 5221 O H270E 01 0.12095E 02
3 4.75 60.0 546.26 531.40 1.127  4.903 0.4586E-01 0 1127E 02
5 6.75 80.0 533.64 522.39 1.108 3.714 v.3783E 01 0 9323E 03
6 7.75 80.0 535.25 524.71 1.113 3.477 0.34688F 01 0.8524F 03
7 2.00 0.0 500.75 488 .06 1.035% 7.156 0.1125E:00 0.2765E 02
8 3.00 0.0 503.25 485.50 1.029 5.856 0.9585E-01 0 2358E-07
9 4.00 0.0 519.72 492 .99 1.045 -8.821 0.1287E+00 0.3164E-02
12 7.00 0.0 549 .25 541 .54 1.148 -2.5Hh44 0.2173E-01 0.5341E-03
13 8.00 0.0 556.80 551.81 1.170 -1.645 0.1201E 01 0.3174E-03
14 9.00 0.0 548.93 544.13 1.154 1.586 0.1326E-01 0 3258E 03
15 2.50 30.0 535.85 5.1.27 1.084 8.110 0.9343E-01 0.2296Ek 02
16 3.50 30.0 536.98 514 .01 1.0980 7 580 0.8465E-01 O.2081E 02
17 4.50 30.0 524.57 512.77 1.087 -3.884 0 .4410E-01 O.1084E-02
18 5.50 30.0 523.13 513.36 1.089 3.214 0.3614E-01 O 8R]83F-03
19 6.50 30.0 532.32 516.74 1.096 -5.142 0 O5573E-01 0.1370E -02
MACH 3 CANDPY TEST RUN= 0663
T INF P INF RHO - INF VOENE ALIHA
169 12 2.81 0 1393E 02 1809 2 91
deq R psia slug/ft? S fen
TU PO MU - TNF RE.INF T WATER
469 .50 100.04 0 13577E-06 0 1948E-08 600 .95
deg R psia 1bf.s/ft? 1 1t den R
GAGE X PHI T-BF T-S T S'TO QPOT HO 9 T ST
in. deg deg R dea R Bt/ Btu/
(t17:5)  (f17.5.p)
1 2.7 60.0 567 .82 550.17 1.172 H R23 0.4562E 01 O 2234E 02
2 3.75 60.0 557 .94 548 18 1.168 -3 228 0.2568E 01 0.1258FE 02
3 4.75 60.0 563 .35 554 .54 1.18) 2 905 0.2201E-01 0.1078E-02
5 6.75 60.0 5b5.79 548 .97 1.1069 2. 249 0.1779E -01 O B715E 03
6 7.7 60.0 558 07 551.77 1.175 2 078 0 1608E-01 0.7876LE-03
7 2.00 0.0 b33 .99 518.00 1.103 -5 .246 0.5461E O1 0.2689E-02
8 3.00 00 528 51 514.95 1.0687 1 474 O 4841E ¢! 0 2371E-02
%] 4.00 G.0 542 .20 523.26 1.114 t 251 0.6207E 01 0.3040F 02
12 7.00 0.0 568 %! 567.24 1.208 0 HR] 0 6085F-02 0.2080E-04
13 8.00 00 572 .74 570.42 i.21 O 7R O H180E 02 0.25637E-03
14 9.00 0.0 564 72 561.57 1.196 -1 039 0.7473k 0 $.3680E-03
15 2.50 30.0 554.8] 538.57 1.147 -5.357 0.4617E-01 0.2261E-02
16 3.0 30.0 556 27 540 .82 1.152 -5 0867 0.4300E-01 0.2110E-02
17 4.50 30.0 548 33 540 .49 1.151 -2.5RA 0 2102E-01 0. 1074R-02
18 5.50 340.C 548.vi b4s.0e 110 2.076  0.1720E-01 0.846BE-03
18 6.50 30.0 552.38 545.50 1.162 -2.275 0. 1850FE 01 0.9061E-03
90
- N s

—~



AFWAL~TR-87-3091

MACH 3 CANOPY TEST

T-INF
170.75
deg R

474 00
deg R

GAGE X

.75
.75
75

.75

bt ek bd et
DU WNOXTID U W~
DO WNDOOILWNNNDHEWN

838588888

MACH 3 CANOFY TEST

T-INF
177 .45
deg R
TO
492 61
deg R
GAGE X
in
1 2.75
2 3.7
3 4.7
5 6.75
6 7.75
7 2.0
8 3.00
9 4.00
12 7.00
13 8.00
14 9.00
15 2.50
i6 3.50
17 4 50
18 5.580
19 6.50

RUN= 0664
P-INF RHO INF V INF
5.61 0.2757E-02 1908.6
psia slua/ft? ft/s
Po MU INI® RE INE
1090.96 0.13712E 06 0 3X37E.OR
psia Ihf.s/ft? 1/Ft
PHI T BF T-S T S/T0  QDOT
deq deg P deg R Btu/
(ft2-s)
60.0 558.13 531.64 1.122 -8.741
60.0 542.22 527.20 1.112 4.927
60.0 549.34 535.53 1.130 -4.560
60.0 537.48 526.95 1.112 -3.477
60.0 539.80 530.19 1.11¢ 3.202
0.0 514.87 494 .13 1.042 6.846
0.0 508. 18 490 .98 1.036 -5.675
0.0 524.80 499.50 1.054 -8.379
0.0 b557.08 b551.74 1.164 -1.766
o.Cc 582.35 558.39 1.178 -1.307
0.0 550.27 544 .93 1.150 -1.763
30.0 539 .55 516.21 1.0%9 7.702
30.0 540.44 518.30 1.083 -7.305
30.0 528 .64 517.30 1.081 -3.743
30.0 528.29 519.12 1.085 -3.027
30.0 534 .27 522.21 1.102 3.982
RUN- 0665
P-INF RHO- INF V-INF
2.80 0.1325E 02 1945 .7
psia slug/ft3 ft/s
PO MU -INF RE- INF
99 .86 0.14269E-06 0.1807E+08
psia Thf.s/ft” 1/¢t
PHI T 8F T-S T S/T0  QDOT
deq deq R deg P Btu/
(ft7-5)
60.0 586.57 568.39 1.156 -5.667
60.0 578.75 569.13 1.155 -3.176
60.0 583.23 574.20 1.186 -2.950
60.0 576.43 569.76 1.157 -2.200
60.0 578.10 571.66 1.160 -2.127
0.0 553.78 537.82 1.2 -5.264
0.0 548.66 535.00 1.086 -4.509
0.0 562.36 543.18 1.103 -6.335
0.0 b5B8.48 585.18 1.188 -1.001
0.0 582.15 589.80 1.197 0.748
0.0 585.86 583.17 1.184 -0.891
30.0 574 .89 559.00 1.135 -5.246
30.0 577.41 582.13 1.141 -5.044
30.¢ RRQ 1IN 5R) 38  1.140 -2 549
30.0 566.49 563.34 1.144 2.032
30.0 573.75 565.84 1.148 -2.611
91

[sNeNoXoNoNoRoNoNoloNoNeNoNojloRo)

ALPHA
2.95
dea

T WATER
50079
deq R

H(.9 TU)
Btu/
(ft2.5.R)
.8322E-01
.4893E-0}
.4186E-01
.3465E-01
.3091E-01
. 1014E+00
.8814E-01
. 1150E+00
. i411E-01
9018E-02
.1490E-01
.8595E-01
. 7966E-01
4127E-01
3272E-01
4165E-01

ALFHA
0.05
deg

T-WATER
610 3]
deq R

H(.9 T

QOD20000O0OOOTNOOO

Btu/

(ft?--R)
.4496E O1
.2525E-01
.2253E-01
.1741E-01
1658E-01
.G578E-01
.4920E-01
6347F -01
.7681E--02
.5090E-02
.8368E-02
.4536E-01
.4247E-01
21595-01
.1694E-01
.2132E-01

-~

[oXe)

CO000200000QO0O0O0

CO00O0O00000000

ST

.2049E 02
.1206E-02
.1031E -02
8531E-03
.7610E -03
.2486E-02
.2170E-02
. 2830E - 02
.3473E-03
.2442E -03
-3668E -03
2116E-02
.1861E-02
.1018E-02
.8055E-03
10256E-02

ST

2260E -02
1269E-02

.1132E-02
.8747E-03
.8331E-03
. 2803E-02
.2472E-02

3180E--02
3865E-03
2558E-03
3200E-03
2279E-02
2134E-02

. 1085E- 02
.8510E-03
.1071E-02




AFWAL-TR-87-

3041

MACH 3 CANOPY

—
[}
OUNBWNDOIAWRNDND WN

T-INF
178 .28
deg R

™
494 .91
deg R

5888888888333

MACH 3 CANOPY TEST

T-INF
176.97
deq R

TO
491 .28
deg R

COAUNDORDILWNNGA WK
E8ELEEBBB8B88FAFI &

TEST RUN-  OB66
P- INF RHO- INF V. INF
5.59 0.2633E 02 1950 .2
psia slug/ft? ft/s
PO ML - INF Rk, INF
199 .40 0.14337E 06 0O 3582E.08
peid Thf-g/ft” 1ift
PH1 T WF TS T S/T0 QT
deq deq R deg P Btu.
(l‘,:‘-)-)
60.0 579 .64 5563 h2 1.11IR 8.620
60.0 563 50 548 o8 1 108 -4.924
60.0 570.00 555.94 1.123 4.641
60.0 558.82 548.47 1.108 3.416
60.0 580.49 550.61 1.113 -3.263
0.0 534.68 5i3.89 1.038 -6.864
0.0 528.18 510 .R7 1032 -5.710
0.0 544 .85 519.21 1.049 -8.460
0.0 575.37 569.14 1.150 -2.058
0.0 581.49 577 .39 1.167 -1.354
0.0 572.34 567 .65 1.147 1.549
30.0 559.85 536.47 1.084 -7.650
30.0 562.00 539.83 1.091 7.316
30.0 549.60 538 .31 1.088 -3.724
30.0 549 .24 539 .98 1.091 -3.058
30.0 555.14 543.09 1.097 -3.977
RUN=- 0667
P-INF RHU-INF V- INF
2.79 0.1322E 02 1943 .1
psia stug/ft? ft s
PO MU- INF RE Thi
99.40 0.14220E-06 0. 1806E-+ 08
psia 1bf.s/tt” 1711
PHI T- BF T-S TS,/ TU @hoT
deg deg R deq R Btu/
it '.g\
80.0 586.87 570.10 1.1680 »g,537
60.0 §579.75 570 .51 1.161 -3.048
60.0 584 .42 575 .81 1.172 -2.841
60.0 §78.00 571.70 1 164 -2.078
60.0 579.85 573.80 1.168 1. 908
0.0 556 .45 541 .13 1.101 -5.055
0.0 551.17 538.02 1.095 -4.338
0.0 564.78 546.58 1 113 -6.006
0.0 5981.50 580 .23 1.189 -0.750
0.0 593.56 591.42 1.204 -0.706
0.0 585.80 582.92 1.187 -0.979
30.0 576.28 560.85 1.142 -5.082
30.0 578.49 583.40 1.147 -4.980
30.0 570.38 582.82 1.146 - 2.494
30.0 571.26 585.24 1.151 -1.685
30.0 575.86 568.60 1.157 -2.39%
92

ALPHA
-0 03
deq

T WATER
610 51
drg R

H{ 9 Tu)
Rt/
(ft7.s.p)
.7975E- 01
4774E- 01
.4189E- 01
.3315E-01
3102E 01
. 1003E+00
.8723E-01
.1146E+00
. 1663E-01
. 1026E-01
.1267E-01
.8402E-01
. 7T749E-01
.4008E-01
.3234E-01
3 4072E-01

COCO0OO0O0OCOODoQOC

o]

ALFPHA
3.97
10

T WATER

610 67

diq P

H(.6 T

ODO0O0O000O0ODOOOOCCOOO

Btu/
(ft?.s-n)
. 4328E 01
.2375F 01
.2126F-01
.1604F -01
.1518E-01
.5108E 01
.4525E 01
.5752E 0i
.5100E-02
.4731E-02
.B958E-02
.4290E -01
.4107E-01
.2087E-0)
.1613E 01
1844E 0]

COO2000Q0QCO00Q0CD00

T

(2012E- 02
1204E 02
1069E- 02
.8363E 03
7825E- 03
.2520E -02
2201E-02
.2892E-02
.4196E-03
2587E-03
3197E-03
.2120E-02
1955E-02
.1011E-02
.8158E-03
.1027E 02

CO00O0CO00O0000OO2C

ST

.2182E 02
.1197E 02
.1072E-02
.8086E- 03
.7651E-03
.2575F -02
2281E-02
2900E-02
.2571E 03
. 2385E-03
.3508E-03
.2183E -02
(2071E -C2
. 1042E-02
.8131E-03
L9550k 03




AFWAL-TR-87-3091

MACH 3 CANOPY TEST RUN= 0668

T-INF P-INF RHO- INF V- INF ALPHA
177 .56 5.50 0.2641E- 02 1946. 3 3.91
deg R psia slug/ft? ft/o deq
TO PO MU- INF RE INF T WATER
492.93 199.22 0.14278E-06 0.3600E+08 610.70
deg R psia 1bf-s/ft? i/t deq R
GAGE X PH1 T-BF T-S T-S/T0  QDOT H(.® T0) ST
in.  deq deg R deg R Btu/ Btu’
(ft2:s)  (ft'-s-R)
1 2.75 60.0 579.35 553.42 1.123 -8.557 0.7795E-01 0.17364E- 02
2 3.75 60.0 564.29 549.60 1.115 -4.847 0 4574E-01 0.1153E-02
3 4.75 60.0 570.58 556.75 1.128 -4.562 (0.4033E-0! 0.1016E-02
5 6.75 60.0 559.81 £49.66 1.115 -3.350 0.3159E-01 O.7961E-03
6 7.75 680.0 562.10 552.58 1.121 -3.143 0.2885E-01 0.7271E-03
7 200 0.0 536.32 51560 1.046 -6.806 0.9446E-01 0.2380E-02
8 300 00 529.54 512.38 1.0390 -5.663 0.8238BE-01 0.2076E-02
8 400 0.0 548.55 521.53 1.058 -8.255 O.1060E+00 0.2670E-02
12 7.00 0.0 5879.30 574.42 1.165 -1.608 O 1230E-01 0.3101E-03
13 B.00 0.0 583.64 579.8 1.176 -1.237 O0.Y083E-02 0.2280E-03
14 G.00 0.0 571.66 566 .44 1.1489 -1.7 0.1402E-01 (0.3533E-03
1§ 2.50 30.0 560.88 537.78 1.001 -7.558 O.802R8E-01 0.2023E-02
16 3.50 30.0 582 .61 540.47 1 096 -7 .307 0.7546E-01 0.1901E-02
17 4.50 30.0 550.45 539.23 1.084 -3.701 0. 3872E-01 0.8757E 03
18 5.50 30.0 550.88 541.84 1.008 2.982 0.3037E-01 0.7852E-03
19 6.50 30.0 557.18 bB45.80 1.107 -3.755 0.3676E-01 0.9263E-03
MACH 3 CANOPY TEST RUN- 0669
T-INF P-INF RHO- INF V- INF ALPHA
176.35 2.80 0.1331E-02 1930.7 4 OF
deg R psia slug/ft? /s deg
TO PO MU INF RE INF T WATER
489 .56 99.73 0.14178E;06 0 1821E.08 610 74
deg R psia Tbf.s/ft: 1/ft deyg #
GAGE X PHI T-BF TS T-S/T0  QDAT H(.8 TO) ST
in deg deq R deg R Btu/ Btu/
g;tz.g) (ft2.<'R)
1 2.75 60.0 587.30 560.26 1.163 5.945 0.4620E-01 O0.2318E-02
2 3.75 60.0 578 61 568.22 1.161 -3 430 0.2688E-01 O.1348BE-02
3 4.75 60.0 582.49 572.964 1.170 -3.150 0.23R80E-01 0.1194E-02
5 6.75 60.0 575.32 568.18 1.161 -2.357 0.1848E-01 0.8271E-03
6 7.75 60.0 576.87 569.90 1.164 -2.300 O0.1779E-01 0.8825E-03
7 2.00 0.0 550.81 533.80 1.080 -5.682 O0.6110E-01 0.3065E-02
8 3.00 0.0 545.88 531.43 1.086 -4.768 0.5251E-01 0.2634E-02
9 4.00 0.0 559.93 539.28 1.102 -6.814 0.6005E-01 0.3464E- 02
12 7.00 0.0 58596 581.49 1.188 -1.477 0.1049E-01 0.5260E 03
13 8.00 0.0 580 .59 587 .71 1.200 -0.949 0.6448E-02 0.3235E-03
14 ©.00 0.0 58532 5823 1.180 0.977 0.6893E-02 0.3458E-03
15 2.50 30.0 573.70 556.5 1.137 -5.654 O0.48768E-01 0.2448E-02
16 3.50 30.0 576.41 560.13 1.144 5.373 0.4496E-01 0.2255E-02
17 4.50 30.0 5687.86 559.55 1.143 2.675 0 2249E-01 O.1128E-02
18 5.50 30.0 587.42 580.74 1.145 -2.204 O0.1834E-01 0.9201E 03
16 6.50 20.0 572.65 564 .22 1.163 -2.780 0.2249E-01 0.1128E-02
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MACH 3 CANOPY TEST RUN= 0670
T-INF P-INF RHO INF V' OINF
176.73 5.60 0.2658E-02 1941 7
dea R psia slua/ft’” LN
TO PO MU - INF RE INF
490.61 199 .55 0.14209E -06 0 3R32F.0R
de’] R psia H\f"\,/ff: 17t
GAGE X PHI T BF TS T-S/T0  @OoT
in deg deg R deg R Ptu!
TR
1 2.7 60.0 574 .61 547 .15 1 115 g 062
2 3.75 60.0 561 .89 545 .49 1.113 -5.247
3 4.75 60.0 568.00 553 .06 1.127 4.843
5 6.75 60.0 556.06 345 .07 1.111 -3.627
6 7.75 60.0 557 .48 546 .92 1.115 3.486
7 2.00 0.0 530.77 508.71 1.037 -7.27R
8 3 00 0.0 524.47 506 .42 1. 032 -5 957
9 4.00 0.0 541 .35 514.27 1.048 -8 636
12 7.00 0.0 570 26 562.28 1.146 -2 635
13 8.00 0.0 577 .61 572.51 1.167 1.686
14 8.00 0.0 570.24 565.32 1.152 -1 623
15 2.50 30.0 557.02 532.46 1.085 -8.106
16 3.50 30.0 559.47 536.06 1.003 -7.725
17 4.5 30.0 546 46 534 .67 1.080 3.801
18 5.50 30.0 545.14 535.32 1.091 -3 242
18 6.50 30.0 552.30 539.73 1.100 -4.1489
MACH 3 CANOPY TEST RUN= 0671
T-INF P-INF RHO- INF Vv INE
175.68 2.82 0.1348F 02 1936 . ¢
deg R psia slug/ft? ft g
TO PO MU INF RF INF
487 .71 100.57 0.14123E 08 0. 1847E-08
deq R psia Ihfes/ft? 1/t
GAGE X PHI T BF TS T S,/ M RDOT
in. deg deg 2 deg R Bin,
(Ft7-s
1 2.75 60.0 584.46 566.12 1.16] ~svo49)
2 3.75 60.0 577.25 566.79 1.162 -3.452
3 4.75 60.0 581 .49 571.85 1.173 -4.181
5 6.75 60.0 574.12 566.91 1.162 2.378
6 7.75 60.0 575.73 56R .73 1 18668 -2.310
7 2.00 0.0 548 68 532.42 1.002 -5 647
8 3.00 0.0 544.70 530.19 1.087 -4.789
9 4 00 0.0 559.00 538.25 1.104 -6.848
12 700 0.0 58548 581.18 1.192 -1 419
13 8.00 0.0 588 .85 587 .17 1.204 -0.919
14 900 0.0 584.17 581.28 1192 0.951
15 2.50 30.0 572.64 555 45 1.139 -5.873
18 3.50 30.0 575.21 558 .80 1.146 5.413
17 4.50 30.0 566.33 558.11 1.144 -2.711
18 5.50 30.0 586.20 559.54 1.147 2 197
19 6.50 30.0 571.25 ©562.68 1.1564 2.82R
94

ALPHA
-4 00
ey

T WATER
610 50
deg R

H{ & TO)
Ht“/
(+t7--R)
_&581E-01
_B024E-01
4424E-01
3504F-01
4308E-01
- 1084E+00
9184E-01
1228E- 00
2183E-01
{1287E 01
.1311E-01
8916E-01
_B174E-01
.4178E-01
3457E-01
.4226E-01

D0COUOOOCOCD0OCC

(=)

AlLPHA
303
deq

T WATLR
610 71
deq P

H, 8 TD
Stu/
‘ftee5-R)
4T56E 01
.2700E-01
.2393E -01
1858E- 01
1 7ROE -01
.6005F-01
.5248E-01
.BR97E -01
.9Q74F - 02
.61G8E-02
B6682E -02
.4869E-01
4516E-01
.2275E-01
1R22E 01
(2285F- 01

-~ o~
— <

D00000Q0CO0COT DO

ST

2154E 02
.1261E. 02
1110E 02
.8793E 03
.8303E--03
2720E- 02
2305E 02
.3084E 02
.5478E-03
.3230E 03
.3201E-03
223%E-02
2051E-02
1049E-02
.8876E-03
.1061E-02

fololoNoNoReoNoNoNoNeoNoNoRoNoRoRo)

ST

2381E 02
.1341F 02
.1188E-02
9224F, 03
.BR37F-03
3026E -02
2606E - 02
3424F 02
.4A852E-03
3077E 03
3317E-03
2418E-02
2242E-02
.1130E-02
PO4B8E-03
.1135E 02

00000V OOCCOD000
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MACH 3 CANOPY TEST RUN 0672
T INF P INF RHO- INF V-INF ALPHA
176 .34 5.61 0.2669E 02 1939 .6 3.06
deq R psia slug/ft' ft/s dey
T PO MU INF RE NI T WATER
480 54 100,92 0 14177E 06 0 3651808 610,35
deg R psia Tbf-s/ft? 1/t deg ®
GAGE X PHI T-BF T-S T S/T0  QLOT H(.9 TW)
in. deg  deg R deq R Btu/ Btu/
(ft2-s) (ft’.s-R)
1 2.75 60.0 573.41 54596 1.115 9.057 0.8595E-01 O
2 3.75 60.0 580.34 544.54 1 112 -5.213 O0.5015E-01 O
3 4.75 60.0 566.54 551.74 1.127 -4.885 0.4395E-01 O
5 6.75 B60.0 554.82 543.90 1.111 -3.802 0.3487E-01 O
6 7.75 B0.0 556.26 545.81 1.115 -3.449 0.3277E-01 O
7 2.00 0.0 529.70 507.75 1.037 7.246 O0.1079E+00 ©
8 3.00 00 52330 505.20 1.032 -5.842 O0.9184E-01 ©
g 400 0.0 54030 513.32 1.049 89603 0.1224E+00 O
12 7.00 0.0 ©569.82 562.22 1.148 -2.508 0.2063E-01 O
13 8.00 0.0 576.96 572.15 1.169 -1.585 0.1205E-01 O
14 ©9.00 0.0 568.76 564.07 1.152 -1.547 0.1253E-01 ©
15 2.5C 30.0 555.80 531.28 1.085 -8.083 0.8924E-01 O
16 3.50 3C.0 558.06 534.63 1.082 -7.731 0.8221E-01 O
17 4.50 30.0 544.76 532.91 1.089 -3.912 0.4238F-01 O
18 5.50 30.0 543.53 533.71 1.000 -3.242 0.3481E-01 O
19 6.50 30.0 550.31 537.39 1.088 4.262 0.4403E-01 O
MACH 3 CANOPY TEST RUN= 0673
T INF P-INF RHU- INF vV OND ALPHA
175 .37 2.77 0.1326E 02 1934 2 3.00
deq R psia slug/ft3 fi/s den
TO PO MU- INF RE- INF T WATER
486 83 98 .80 0.14097E 06 0. 1820L+08 610.59
deg R psia Tbf-s/ft? 1/f1 deg R
GAGE X PHI T-BF T-S T S/T0 @DOT H(.9 TO)
in deg deq R deq Btu/ Btu/
{(ft7-5)  (ft2-5+R)
1 2.75 60.0 585.30 587.91 1167 © 741  0.4424E-01
2 375 80.0 578 98 560.27 1.160 -3 206 O.2445E-01
3 475 60.0 583.43 574.42 1.180 2.973 0.2182E-0]
5 6.75 60.0 576.77 570.23 1.171 -2.157 0.1633E-01
6 7.75 60.0 578.79 572.52 1.176 -2.087 0.1539E-01
7 200 0.0 554.24 53828 1.106 -5 267 0.5260E-01
8 3.00 00 548 62 534.95 1.009 -4.509 O.4658E-01
9 400 00 562.70 543.75 1.117 -6.255 0O 5923E 01
12 7.00 00 580.50 587.97 1.208 -0.835 0 5575E-02
13 800 0.0 582.94 590.75 1.213 -0.722 O .4730E 02
14 9.00 0.0 58522 58215 1.196 -1.012 0.7020E 02
15 2.80 30.0 574.87 558.78 1.148 -5.310 0.4402E-O1
16 3.50 30.0 577.05 561.62 1.154 -5.001 0.4123E-Ol
17 4.50 300 568.96 561.19 1.153 -2 564 O.2084E-0O]
18 65.50 30.0 560.84 563.51 1.158 -2.087 O.16685E-01
18 6.50 30.0 574.62 567.02 1.185 -2 508 0.1947E-O]
95
—— - -

ST

.2151E- 02
.1255E-02
.1100E-02
.8725E -03
.8201E -03
.2700E-02
. 2298E-02
. 3064E-02
.5163E-03
.3016E-03
.3135E-03
.2233E-02
. 2057E-02
. 1060E-02
.8710E-03
.1102F-0?

ST

2234E-02
.1235E-02
.1102E-02
.B247E -03
.7760E-03
.2656E-02
.2352E-02
(21E-02
.2815E-03
. 2388E-03
.3540E-03
2223E- 02
2082E-02
.1052E-02
8406E-03
.9832E-03

00000 C0000000000
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MACH 3 CANOPY TEST RUN 0674
T INF P I RHO INF VvV INF ALPHA
176 .27 5. 60 0.2666F (2 1930 .0 2 Q7
deg R psia stug/ie? /g e
™ PO MU INF RE INF T WATER
489 .35 199 64 0.14172E 06 O 3648F . O 610 LR
deq R psia Tof-s/ft” 171t deq
GAGE X PHI T BF TS TS T WhOT H{ @ TW) ST
in, dey de; R deg R Btu/ Btu:
(07-)  {tt - s-R)
1 275 60.0 575.76 548 .98 1.122 R 836 0 8149E-01 0 2039E 02
2 3.75 60.0 563 .48 548 .23 1 120 5 03g 0.4670E-01 0 .1170E 02
3 4.75 60.0 570.06 555.71 1 136 4 736 0.4108E-01 0.1029E 02
5 6.75 60.0 558.66 548 15 1.120 3 467 0.3218E 01 0.8064EK 03
6 775 60.0 561 .01 5561.15 1.126 3.254 0.2030E-01 0.7362E-03
7 200 0.0 534.1 513.18 1.049 7.007 0 9620E-01 0.2412F 02
8 3.00 0.0 527 .39 509 74 1.042 -5 827 0.8406E-01 0.2108E-02
8 4.00 0.0 544 61 518.93 1 060 -8 473 0 1076E-00 0.2704L -02
12 700 0.0 578 10 572 .80 1.171 1 750 0.1322E-01 0.3311E 03
i3 800 OO0 LR EY 5L79.06 1 183 -1 295 O Y342E-02 O 2341E 03
14 9.00 0.0 571.19 565 63 1.157 1 73¢ 0.13&3E-01 ©.3484E 03
15 2.50 30.0 559 50 535.91 1.095 7.786 0.8153FE 01 O 2043E 02
16 3.50 30.0 561 .60 538 .83 1.10i -7.514 0.7636E-01 0.1813E 02
17 4.50 30.0 549.09 537 .60 1.099 -3.790 0.3399E-01 0 9769E-03
18 5.50 30.0 549 .27 539.89 1.103 -3.097 0.3113E-01 0O 7800E-03
19 6.50 30.0 555 65 543 .82 1.111 -3.903 0 37¢5FE 01 0 9457E 03
MACH 3 CANOPY TEST RUN- 0675
T- INF P INF RHO- INF VoOInE ALPHA
168.27 2 &4 0.1418E 02 18G9 7 0 04
deq R psid slug/ftl F1 /s NN
TO PO MU INF RE IN T WATER
487 14 101 369 0.13006E 06 01860 - 0% IR b
deq R psia 1bf-s7fe? 170t dee it
GAGE X PHI T BF T-s TS T0 @t He.oe T ST
in. dey deg R len R RRATES Btu/
(fra.u)  (fif-g-)
1 2.75 60.0 551.44 534.67 1.145 5 535 0 4843E-01 (.2334E.-02
2 3.75 60.0 543 .31 533 .84 1.143 -3.128 0.2758E 01 ©0.132QE 02
3 4.75 60.0 547 .50 538.77 1.1563 2 . 8R) 0.2434E-01 O0.1173E 02
5 6.75 60.0 541.05 534 .40 1.144 2.195 0.1925E-01 0.9281E- 03
6 7.75 60.0 542 .33 536.13 1.14R -2 043 0.1766E-01 0.8512E-03
7 2.00 0.0 519.97 504.79 1.081 -5 011 0.5841E-01 0.2863E-02
8 3.00 0.0 514.75 501 .84 1.074 -4.260 0.5233E-01 0.2522E-02
] 400 0.0 526.83 508.63 1 089 6.040 0.6848FE-01 0.3301FE 02
12 7.00 0.0 534.22 533.31 1.142 -0.301 C.2660E-02 O 1286E-03
13 800 00 549.43 547.34 1.172 -0.680 O 5440E-02 O0.2622E-03
14 ©8.00 0.0 550.10 547 .31 1.172 -0.922 0.7264E-02 0.3501E -03
15 2.50 30.0 540.03 524.45 1.123 -5.140 0.4942E-01 0.2382E-02
16 3.50 30.0 540.79 526.22 1.126 -4.805 0.4542E-01 0.2180E-02
17 4.50 30.0 533.53 526.10 1.126 -2.451 0.2316E-01 O0.1118E 02
18 5.50 30.0 533.86 527 .80 1.130 -2.000 0.1863E-01 0.8978E-03
19 6.50 30.0 539.30 531.81 1.138 -2.540 0.2284E-01 O0.1101E 02
96
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MACH 3 CANOPY TEST RUN= 0676

T-INF P-INF RHO - INF V- INF ALPHA
166.71 5.58 0.2812E-’O2 1885 .9 -0.01
deg R psia sluq/ft ft/s dey
TO PO M- INF RE INF T WATFR
162 79 19918 0.13375E 06 0.3965E-08 592.20
deg R psia Ibf-s/ft? 1/t deq R
GAGE X PH1 T-RBF TS T S/Tu  QDUT He 9 Tu) ~T
in. deq deg R deq R Btu, Btu/
(Ft7-s) (ft?-.-R)
1 2.75 60.0 539.33 513 17 1.1089 8.636 0 8934E 01 0.2182E O
2 3.75 60.0 526.03 511.15 1.104 4.911 0. 51R9E-01 0.1267E 02
3 4.75 60.0 531.7 517 92 1.118  -4.566 0.4503E-01 0.1100E 02
5 6.75 60.0 516 58 500 05 1.100 -3 473 0.3753E-01 0.8167E 03
6 7.75 60.0 521.' 2 511.66 1.106 -3.155 0.3316E-01 0.8100E-03
7 200 00 499.03 478.81 1.035 -6.673 O 1071E+00 0.2616E-02
8 3 00 0.0 492 .06 475.53 1.028 -5.458 0.9249E-01 O 2259E-02
9@ 400 0.0 506.97 482.38 1..42 -8.113 0.1232E-00 0.3008£-02
12 7.00 0.0 537 .81 531.50 1.148 -2.082 O 1811E 01 0.4422F 03
13 8.00 0.0 544 11 539.60 1.187 -1.489 0.1207E-01 0.2948E-03
14 9.00 00 534 .58 529 .86 1.145 -1.5586 0.1373E-01 0.33563E-03
15 2.50 30.0 523.13 500.19 1.081 -7.569 0 .B045E-01 ©.2209E-02
16 3.50 30.0 523.06 501.69 1.084 -7.053 0.8281E-01 0.2023E .02
17 4.50 300 511.84 500.75 1.082 -3.659 0.4344E-01 O.1061E 02
18 5.50 30.0 510.23 501.40 1.083 -2.617 (0.3436E-01 0.8392E-03
106 6.50 30.0 51547 503.60 1.088 -3.916 O 4496E 01 O 1088E-02
MACH 3 CANOPY TEST RUN= 0677
T-INF P- INF RHO INF V- INF ALPHA
165.42 2 .81 C.1426E 02 1878 .6 2 96
deq R psia stuy/ft? ft/s deq
TO PO MU- INF RE INF T WATER
459 .21 100 22 0.13267E-06 0. 2020E-0% 591.72
deg R psia Tbfes/ft? 1/¢t de; R
GAGE X PH1 T-BF T-S T-§T0O QDOT H{.8 TO) ST
in. deq deg R deg R Btu/ Btu/
’ (Ft7.s)  (tt2.5.R}
1 2.75 60.0 548.74 531.64 1.158 -5.643 0.47685-01 0.2305L 02
2 3.75 60.0 540.50 531.05 1.156 -3.117 0.2646E-01 0.1276F .02
3 4.75 60.0 544.90 536.18 1.168 -2.879 0 2343E-01 0.1133E-02
5 6.75 60.0 537 .45 530.85 1.156 -2.178 0.1853k-01 0 .8957E 03
[$) 7.75 60.0 530.37 533.34 1.1861 -1.890 0.1657E-01 0.8012E-03
7 2.00 0.0 517 .65 502 .48 1.084 -5.007 0.5614E-01 0.2714E-02
8 3.00 0.0 512.30 499 .27 1.087 -4.300 0.5001E 01 0.241BE-02
%] 4 .00 0.0 524 .80 5N6.55 1.103 -6.020 0.6455E-01 0.3121E-02
12 7.00 0.0 551.83 549.20 1.196 -0.867 0.6376E-02 0.3083E-03
13 8.00 0.0 554.89 5562.42 1.203 -0.814 0.5851E-02 0.2829E-03
14 9.00 o.n 546.79 543 .83 1.184 -0.977 0.7483E-02 0.3618E-03
15 2.50 30.0 537.60 521.82 1136 -5.208 0.4799E-0O1 0.2320E-02
16 3.50 30.0 6538.01 523.22 1139 -4.880 0.4430E-01 0.2146E-02
17 4.50 30.0 530.865 523 .14 1.139 -2 477 0.2255E-01 0.1090E-02
18 .50 30.0 530.53 524 .65 1.143 1.941 0.1743E-01 0.8425E-03
19 6.50 30.0 534.50 527.12 1.148 2.466 0.2166E-01 0.1047E-02
97
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MACH 3 CANOPY TEST RUN- 067X
T INF P- INF RHO- INF \OINF AlLPHA
165.76 5.54 0. 2832E--02 188G 2 9l
deqg R psia slun/ftl ft/s o
TO PO MU INF RE NI T WATER
460 .17 199 . 39 0.13266E- 06 0. 4005E +O» 501 07
deq R psia 1bf-s/f"- 179 fon R
GAGE X PHI T-HF TS T-ST0  ghin He & ST
in. deg deg K deqg R Btu, Btu/
(ftoes (ft .s-P}
1 2.75 60.0 536 .49 510 68 1,100 8 Lh 0.882110 01 O 214610 0
2 3.75 80.v 523.16 508 .58 1105 4. 807 0 H081E-01  ( 1238E- 02
3 4.75 60.0 529.17 512 64 1.121 4.464 0 4388E 01 0O 1070E-02
5 6.75 60.0 517.27 507.02 1,102  3.383 O 3642E 01 0.8860E 03
6 7.75 60.0 519.28 510.02 1.108 -3 058 0 3190E-01 O0.7758E 03}
7 2.00 0.0 497.12 477 .16 1.037 6.9R6 0.1045E-00 0 2543l5-02
8 3.00 0.0 490.06 473.68 1.028  5.406 O QO83E 01 0 2210E-02
9 4.00 0.0 504.89 481.00 1.045 -7.917  0.1184E-00 0.2881E 02
12 7.00 0.0 537.41 532.10 1.188 -1.754 0.1487E-01 0.3617E-03
13 8.00 0.0 542 .89 538.68 1.171  -1.3Q0 0.1116E 01 0.2714E-03
14 g.00 00 530.83 525 .83 1.143 -1.686 0.1510E-01 0.3672E 03
156 2.50 30.0 520.78 497 .99 1.082 7.5 0.8973E-01 0.2183E-02
16 3.50 300 520.22 498 g3 1.084 -7.028 0.8281E-01 0.20!7E O2
17 4.50 30.0 508.34 488 .38 1 OR3 -3.618 0.4285E-01 O.1045E-02
18 5.50 30.0 508.12 499 38 1.085 2.835  0.3386F 01 0 .8236E-03
18 6.50 30.0 513.42 502.01 1.091 3703 0.4283E-01 0.1042F 02
MACH 3 CANOPY TEST RI'N 06749
T INF P INF RHO INF VOINE ALPHA
1684 .61 2.80 0 14297‘3)02 1874 © -4.04
daq R psia slug/ft? fuv/s fen
TO PO MU INF REINF T WATER
456 97 (2,308 1% 0.13199E 06 O 2028F 0K A0 BT
den P pria Ihf.5/ft2 bt ioq i
GAGE n PHI T-BF TS TS TO QT Hr « T ST
in, deq deqy R deqg R Bt AW
i) RNt
1 LT7H 0600 545.86 0 LLT LY Poieh LNy O L0RgE Ot 0 C1wE oY
2 375 60.0 536.55 526 46 §.162 3331 0.28492E 01 0.1398E O
3 4.75 B0.0 540.58 531.42 1 63 30U 0. 2515E 01 0 1217E O2
5 6.75 60.0 532 .67 625 52 1.150 2 30K 0.2083E-01 0.9985E 03
3] 775 80.0 534 04 527 43 1 154 -2 1RO 0 IR77E 01 0. UOB4E-C3
7 2.00 0.0 511.29 485 08 1083 -5 318 0.6382E-01 0 .3088E-02
8 3 00 o0 506 18 402 .60 1.078 -4 480 0.5509E-01 0.2666E-02
8 4.00 0.0 51868 499 12 1.092 6 454 0.7348E-01 0.3555E-02
12 7.00 0.0 544.32 540 06 1.182 -1.406  O.1092E-01 0.5283E-03
13 8.00 0.0 549 .27 546 20 1.195 1.014 0.7514E-02 0.3636E-03
14 9.00 0.0 543.25 540.46 1.183 -0.923 0.7110E-02 0.3455E-03
15 2.50 30.0 533.02 516.32 1.130 -5.510 0.5245E-01 0.2538E-02
16 3.50 30.0 533.52 518.01 1.134 -5 118 0.4795E-01 0.2320E-02
17 4.50 30.0 525.70 517.85% 1.133 -2.590 0.2431E-01 0.1176E-02
18 5.50 30.0 524.45 518.11 1.134 -2 091 0.1957E-01 0.9472E-03
19 6.50 30.0 528.81 520.53 1.139 -2.732 0.2501E-01 0.1210E 02
98
- w -
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MACH 3 CANOPY TEST RUN:-  OG8O

T-INF P--INF RHO- INF V-INF ALPhA
165 .92 5.60 0.2832E-02 1881 .4 3.03
deg R psia slug/ft’ ft/s dey
™ Pu MU INF RE INF T WATI'R
460 . 60 199.63 0. 13309E-06 0. 4004L - O8 H8Q T2
deg R psia 1hf.s/ft2 1/ft deg R
GAGE X PH1 T BF TS T-5/T0 QXYF H{. T ST
tu/ Btu/
in.  deg deg R deg R (F12.4) (f£2.5-R)
1 275 60.0 533 05 506 .89 1.101 -8.633 0.49348E-01 0.2272£-02
2 3.75 60.0 519.78 504 .81 1.096 -4 .941 0.5474E-01 0.1331E 02
3 4.75 60.0 525.20 511.38 1.110 -4.561 0.4710E-01 O0.1145E-02
5 6.75 60.0 512.96 502.37 1.081 -3.495 0.3979E-01 0.9872E-03
6 7.75 60.0 514 .17 504 .46 1 085 -3.204 0.3563E-01 O0.8662E-03
7 2.00 0.0 492 .62 472 .46 1.026 -6.652 0.1148E:00 0.2792F--02
8 3.00 0.0 486 .05 46%.70 1.020 -5 388 0.9788E-01 0.2379E-02
9 4.00 0.0 500.25 475 68 1.033 -8.105 0 1326E+00 0.3222E-02
12 7.00 0.0 828.51 521 02 1.131 -2.469 0.2319E-01 0.5837E-03
13 8.00 0.0 536 12 530 .92 1.153 -1.716 0.1474E-01 0.3584E-03
14 9.00 0.0 528 16 523.54 1.137 -1 526 0.1400E-01 0.3403E-03
15 2.50 30.0 516.68 493 .46 1071 7 .664 0.9712E-01 0.2361E-02
16 3.50 30.0 516.03 494 .76 1.074 -7.020 0.8752E-01 0.2127E-02
17 4 50 30.0 505 05 493 94 1.072 -3.668 0.4819E-01 0.1123E-02
18 5.50 300 502 .44 493 .60 1.072 2.915 0.3686E-01 0O.8960F -03
19 8 50 30 0 508 26 496 .35 1 078 -3.933 0.4807E-01 0.1168E-02
MACH 3 CANUPY TEST RUN= 0681
T INF P- INF RHO- INF VvV INF ALPHA
184 .92 2.81 0.1430E-02 1877 8 4.00
deq R psia sTuqsft? ft/s deq
TO PO MU INF RE- INF T- WATER
457 .84 100 .19 C.13226E-06 0.2028E+08 584G 48
deg P psia Ibf.q/ft 1/t deg R
GAGE X PHI TR TS T S/T0 QUOIT He v TO) ST
in, deq deq R deq P Btu, Blu/
(Ft2.s5) {ft2.5-R)
1 2.75 60.0 543 07 525 74 1.148 -5.71R 0.5020E-01 0.2428E 02
2 3.75 60.0 534 88 524 .93 1.147 3 286 0.2911E-01 0.1406E-02
3 4.75 60.0 538.686 520 .65 1.187 -2.975 O 2530E-01 0.1222E-02
5 8.75 60.0 530.93 523 92 1.144 -2 314 0.2068E-01 0.9988E-03
6 7.75 60.0 532.31 525 .80 1.148 -2 140 0.1889F-01 0.8123E-03
7 2.00 0.0 500 .37 493 .37 1.078 -5.283 0.6497E-01 0.3137E-02
8 3.00 0.0 504 .29 490 .90 1.072 -4.419 0.5604E-01 0.2706E-02
4] 4.00 0.0 516.21 496 .94 1.085 -6.359 0.7491E-01 0.3617E-02
12 7.00 0.0 541.78 537.36 1.174 - 1.458 0.1163E-01 O0.5617E-03
13 8.00 0.0 546 .92 543.75 1.188 1.047 0.7949F- 02 0.3838E 03
14 8.00 0.0 541.556 538.78 1.177 -0.914 0.7210E-02 0.3482E-03
15 2.5 30.0 530.82 514.29 1.123 -5.455 0 5336E-01 0.26877E-02
18 3.50 30.0 ”31.33 516.05 1.127 -5.042 0.4848E-01 C 2341E--02
17 4.50 300 523.95 516.26 1.128 -2 537 0.2434E-01 0.1176E-02
18 5.50 30.0 522.82 516 .48 1128 -2.027 0.1941E 01 0.9375E 03
19 6.50 30.0 527 26 519.11 1.134 -2.690 0.2513E-01 0.1213E 02
99
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MACH 3 CANOPY TEST RUN=  0BKD
T-INF P-INF RHO- INF
166.45 5.60 0. 2822E-02
deq R psia sfug/ft?
TO PO MU INF
462 .07 199 .54 0. 13353F -0t
deq R psia Ihf-s/ft?
GAGE X PHI T BF
in. deo deq R deg R
1 2.75 60.0 531.24 5056 78 1
2 3.75 60.0 518.142 503.73 1
3 4.7 60.0 523.40 500 .96 1
5 6.75 60.0 511.52 501.18 1
6 7.75 60.0 512.62 503.08 1
7 2.00 0.0 491.80 472.22 1
8 3.00 0.0 485.36 460.56 1
9 4.00 0.0 498 .94 475.07 1
12 7.00 0.0 525.67 518.02 1
13 8.00 0.0 533.47 528.10 1
14 9.00 0.0 526.16 521.59 1
15 2.50 30.0 515.15 492 .39 1
16 3.50 30.0 514.45 493.60 1
17 4.50 30.0 503.70 492.92 1
18 5.50 30.0 500.85 492.17 1
19 6.50 30.0 506 .61 494 .95 1
MACH 3 CANOPY TEST RUN= 0683
T- INF P INF RHO- INF
165 .53 2. 80 0.1422E-02
deq R psta <lug/ft’
TO PO MU- INF
4583 .53 00 . OR 0.13277E 06
deg R psia 1bf.s, ft2
GAGE X P T-BF T & T S
in. Avn deg K deq R
1 2.75 60.0 542.03 526.05 1.
2 3.75 60.0 534 25 525.34 1.
3 475 60.0 538.16 530.11 1.
5 B8.75 60.0 531.45 525.21 1.
6 7.75 60.0 533.27 527.62 1
7 2.00 0.0 513.16 409.02 1.
8 3.00 00 507.84 49581 1]
g 400 0.0 519.24 50251 1.
12 7.00 0.0 545 .41 543.07 1
13 8.00 0.0 548.07 545 .62 1.
14 ©.00 0.0 539.86 537.08 1.
15 2.50 30.0 531.72 516.81 1.
16 3.50 30.0 531.48 517.40 1.
17 4.50 30.0 524.57 517.47 1.
18 5.50 30.0 524.39 518.81 1.
18 6.50 30.0 528.37 521.32 1.
100

V- INF
1884 .4
ft/s

RE- INF
0. %9831 . OR
/ft

TS T S/TO  QDOT

Itu/
[F17.5)
095 8. 101
080 4 Rl
.104  -4.45H1
085 -3 411
.089 3.146
.022 6.461
.016  -5.215
.028 7.875
.121 -2.523
.143 1.772
2129 -1 511
066  7.509
068 6.8%0
087 -3.557
085 2.865
071 3 847
V- INF
1879 0
ft/n
RE INF
0. 2013408
1/1t
T @NT
Btu/
(rt7- )
145 -5 272
143 2.840
154 -2.658
143 -2 008
148 -1.866
OR6 4 667
078 -3.96G2
094 5 621
182 -0.771
187 -0.806
169 -0.915
125 4.922
126 -4.646
126  2.34H
129 1.841
134 2. 327

ALPHA
-4.09
Jeq
T WATER
,§8q4§
H( 8 TOO ST
Btu/
ffL" .5k}
0.93475 01 0 .2277F O2
O 5478E 01 0.1334E 02
0.4730E-01 0.1152F 02
0.3998E-01 0.9738E--03
0.3607E-01 0.8785E-03
0.1146E+00 0.2792E-02
0.9713E-01 0.2366E-02
0 1330E+00 0.3240E-02
0.2470E-01 0.6018E-03
0 1578E-01 0.3845E-03
0.1428E- 01 0.3481E-03
0.9812E-01 0.2380F €2
0.8851E-01 0.2156E-02
0.4616E-01 0.1124E-02
0 3754F 01 0.9145E-03
0.4864E-01 0.1185E 02
ALPHA
3 47
T WATER
S8R 14
deg k
H({ v TO) ST
Bty
[t R)
0 46RTE-01 0 2272E-02
0 2630E 01 0.1275E 02
0 2279E 01 0.1105E 02
0 1844E 01 0O .8930E-03
0 1636E-01 0.7932E O3
0.5462E 01 0.2648E-02
0.4816E-01 0.2335E-02
0.6208E 01 0O.3008E-02
0 5958E-02 0.2889E -03
0.6105E-02 0.20860E 03
0.7400E-02 0.3582E-03
0.4768E-01 0.2312E-02
0.4474E-01 0.2169E-02
0.2257E-01 0.1004E-02
0.1750E-01 0.8482E 03
0.2158E-01 0.1047E-02

L s
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MACH 3 CANDPY TEST RIN- 0684
T IN¥ POINK RHU INF
166.45 5.61 O 2826E (2
deq R psia slug/ ft3
O PO MU- INF
462 .08 199 R} 1335L4E-06 (4]
deq R psia 1bf-s/ft-
GAGE X PH1 T BF TS T-S/TU
in. deq deg R deg R
1 2.75 60.0 530.53 506.51 1.006
2 3.75 60.0 518.22 504.66 1.082
3 4.75 60.0 523 .55 511.10 1.106
5 6.75 60.0 512.48 502 .85 1.088
6 7.75 60.0 514.43 505.76 1.085
7 2.00 0.0 494 .26 475.87 1.030
8 3.00 0.0 487 .45 472.40 1.022
8 400 00 501.30 479.21 1.037
12 7.00 0.0 532.13 527.36 1.141
13 8.00 0.0 537 .01 532.95 1.153
14 ©6.00 0.0 524.96 520.07 1.125
15 2.50 30.0 516.11 494.90 1.071
16 3.50 30.0 515.05 495 .11 1.071
17 4.50 30.0 504.890 484.60 1.071
18 5.50 30.0 503 57 495 .51 1.072
19 6.50 30.0 508 66 498 . 14 1 078
4
ﬁ MACH 3 CANOPY TEST RUN- 0685
T INF P INF RHO- INF
* 167 .70 2. 80 0.1398E-02
deg R ts g Jugsft”
" TO r0 MU - INF
465 .55 99 .65 0.13458E 06 0
deq P ns1a Tbf.g/ft?
GAGE X PHI T BF TS T S/T0
in. deg deg R deg R
1 2.75 60.0 533 .13 518.33 1113
b 2 3.75 60.0 525 83 517 .50 1 112
3 4.75 60.0 529.17 521.77 1.121
5 6.75 60.0 522.57 516.63 1110
6 7.7 60.0 524.01 518.5% 11
T 200 0.0 50588 492.72 1 058
8 3.00 0.0 501.01 480 .89 1.052
9 4.00 0.0 511.01 495.31 1.064
12 7.00 0.0 534.01 531.04 1.141
13 8.00 0.0 538.21 535.74 1.151
14 9.00 0.0 532.00 520.76 1 138
15 2.50 30.0 523.30 508.53 1.094
16 3.50 30.0 523.07 510.25 1.096
17 4.50 30.0 516.85 510.30 1.006
18 5.50 30.0 515.97 510.81 1.007
19 6.50 30.0 518.99 512.07 1.100
101

vV INE
1884 .4
ft/s

RE

INE

3uRK!L. .08
1/f+

N—=NabD00UWa—~—=KNKL

WRWRO — = I d DWW b S

577

B854

ALPHA
4 04
deqg

T WATHR
587 30

fog

H( & TO)

Hy

TO00CO0OLTOO0OO0DCO0OO0O

CO0000COOCO00CCO

gtu/

L5,

8747E -0l

.5039E-01

4317E- 01
3652E 01
3183E-01

.1011E.00
.R792E -01
.1151E400

1415E-01
1143E-01

.1550E 01
\88%4E 01
.8306E-01
.4270E-01

3336E-01

.4219F 01

ALPHA
O Nl
Iy

T WATFRR
H82 QU
deg I

4T
Stu/

(ft?.s.

49141 01

.2790E- 01
.2377E-01

2008E-01

- 1812k-01
.5891E--01
.5176E--01
.6792E 01
.8745E--02
.6985E-02
. 6668E -02

5019E 01
4639E-01

.2368E- 01
.1855E 01
.2453E 01

2000000000000 0COT

:2‘.‘

DCCO02000000O00O000O0

eT

.2128E 02
.1226E 02

1050E- 02

.8883E-03
.7742E .03

2460k 02

.2139E 02
.2801E 02
.3441E-03

2781E-03

.3771E 03
.2154E 02
.2020E-02
.1039E-02

K122E 03

-1026E 02

ST

.2406E O
.1366E-02
.1164E- 02
.9832F 03

8870E 03
2884E 02
2534E-02
3325E -02
4281F-03
3420E 03
3265E 03
2457E-02
2271E 02
1160E 02
9081E 03

.120]E 02
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MACH 3 CANOPY TEST RUN 063t
T-INF P INF RHO INF vV OINF
166.17 5.61 O 2835E 02 18R2 X
dey R psia slug/ft? ft/s
™ PO MU INE RiT
4681 30 D000 08 [CERERK ¢ AL O 400aF O
Jdey R proaa (I [N
GAGE. X PHI T Bk TS T S/T0 PuT
in, deq den B deqg R Etu/
(ft7.5)
1 2.75 60.0 521 58 498 .43 1.080 -7.640
2 3.75 60.0 500 72 496 . 59 1.077 4 3311
3 4.7 60.0 514 .45 502 .60 1.090 3.912
5 6.75 60.0 503 48 484 .11 1.071 -3.084
6 7.75 60.0 504 .82 496 .33 1 076 2. 800
7 2.00 0.0 487 .13 469 . 56 I OIR 5.7Q7
8 300 0.0 4B0.56 466 4] 1.011  4.671
] 4 .00 0.0 492 .84 471 71 1.023 6.975
12 7.00 0.0 519.77 513.00 1.114 1.947
13 8.00 0.0 526 .41 522 .06 1 132 1 43R
14 9.00 0.0 517.09 512.97 1 112 1.363
15 2.50 300 507 .83 487 .52 1.057 6 704
B 16 3.50 30.0 506 .61 487 .78 1.057 6 214
17 4.50 30.0 496.74 486 . 96 1.006 -3 226
18 5.50 30.0 464 .31 486.74 1.055 2.400
19 6.50 30.0 498 .68 488 00 1.058 3.497
1
MACH 3 CANOPY TEST RUN-  06R7
T INF P INF RHO INF AN B
J 164 .95 2 81 0.1431E 02 1875 0
deq H psia stuqg/ft ft/n
E TO PO MU INF RE. 1N
by 457 .92 100 30 (. 13228E - Q6 0. 2050F - O~
’ deg R psid 1bf.s/ft- 1/f:
GAGH X (NI} T T TS (WIRRA
m deyg doy R dey P o
(re2.s)
1 275 60.0 53079 515 53 1 126 L 03r
2 3.75 B0.0 522.92 51450 1129 2077
3 4.75 600 526 .59 519.08 1 134 2 480
A 5 6.75 60.0 519.97 514.00 1.122 1 972
6 7.75 60.0 521.60 516.20 1.127 1.78}
7 2.00 Q.0 503 .3% 490 .05 1.070 -4 .40]
4 8 300 00 498.15 48562 1.063 3706
9 4 .00 0.0 508 .65 492 .83 1.076 5.220
12 7.00 0.0 633.11 530.64 1.156 -0.8R14
13 8.00 0.0 536 .40 534 .00 1.168 0.792
14 9.00 00 528 .52 525.95 1.149 -0.846
15 2.50 30.0 520.80 506 .72 1.107 -4.646
16 3.50 30.0 520.24 507 .04 1.107 -4.359
t 17 4.50 30.0 513.77 507 .02 1.107 2.227
1 18 5.50 30.0 512 .99 507 .79 1.109 1 717
19 6.50 30.0 516.37 508 58 1.113 2.930
102

1l

’:CDOOCDOOQ_O_O DQ

¢]
0

joReoRe

<

OOOO_OOOOCCOO

A} PHA
002
dv

T WATER
K

e b

C9 T,

R

(f: 7. 5.1
9177t 01
. 5H318E- 01

4475E 01
3918E 01

3450F 01
. 1066E «00

2117F-01
1234E+00
1963k 01
1345 -01
1393E Ol
Q266F, 01
ROHAE O
4493t 01
3491E 01
4798 0)

Al PHA
o GR
denq

T WATEK
R3]
Jeg R

ey
it/
R
A% 3k M
2713k 01
L2319E 01
.1936E- 01
.1711E-01
. 5048E- 01
. 4955E- 01
.6468E-01
 B6872E-02
.64893E-02
7428E-02
.4911E-01
.4592E- 01
.2346E -01
1795E- 01
2208E 01

OO

-

0D0OIZCD20C00CCCT

P

OOOOOQO_O_OOOOOOC:

ST

L227E O2

L1281E 02
.1086E 02

9500E 03
8374 03
2587E 0L

L2213E-02
L2094E 02
.4763E-03
.3265E 03
.33K2E 03

2249 02
2077k Q2
1001k 02
8473k -03
1164F 02

2301k o2
1309E 02
.1118E- 02
.9341E-03
8256E-03
2724E-0OC
. 2390E- 02
3120E- 02
3315E-03
.3132E-03
3583E- 03
.2368E -02
2215E -02
. 1132E-02
RBEH8E 03
1108k 02
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MACH 3 CANOPY TEST RUN= 0688
T- INF P- INF RHO- INF Vv INF
165 .39 5 60 0.2843F-02 1878 4
deg R psia slug/ft? ft/s
T0 ro MU INF RF. INF
459 13 199 .76 0. 13265E 06 0. 4027F 0%
deg R psia Tbt-s/ft? 1/1t
GAGE X PHI T BF TS T s/sM @nNiT
; eq R Btu/
in. deg deq R deq (#12.5)
1 275 600 51990 497.00 1 0B 7 5.4
2  3.75 B0.0 507 B8R 185.0) 1.07% 4 246
3 475 60.0 51274 501.10 1.091 3 K3y
5 6.75 60.0 502.03 492 .83 1.073 3.036
6 7.75 60.0 503 .6C 495 .35 1.078 2.724
7 2.00 0.0 486 .22 468 . 90 1.021 -5.718
8 3.00 0.0 479 .44 465 .43 1.014 -4.624
Q 4.00 0.0 492 .06 471.26 1.026 -6.862
12 7.00 0.0 520 .28 515.37 1.122 -1.622
13 8.00 0.6 525 .80 521.71 1.136 1.349
14 9.00 0.0 514 .31 500 .83 1.110 -1.480
15 2.50 30.0 506 .51 486 . 48 1.060 6.609
16 3.50 30.0 504 82 486 .19 1.058 -6.146
17 4.50 30.0 495 .35 485 .67 1.058 -3.196
18 5.50 30.0 493 22 485 .71 1.058 2.478
19 6.50 30.0 497 .60 487 .48 1.062 -3 341
MACH 3 CANOPY TEST RUN- 0680
T-INF P- INF RHO TNF V. INF
164 .53 2 80 0.1427E 02 1873 .5
deqg R psia slug/ft? it/s
TO PO MU- INF RE INF
456 75 99 .70 0.13163E-06 0.2026F+0~
deg R psia 1bf-s/ft2 1/ft
CAGE X PH1 T RK¥ TS T ST QDOT
in. dcg deq R deg R Ptu/
(ft--s)
1 275 60.0 529 .16 513.45 1.124 H.283
2 375 600 521.15 512.10 1.121 -2.987
3 4 .75 60.0 524 .57 516.53 1.131 -2.654
5 6.75 60.0 517 .35 510.85 1.118 -2.144
6 7.75 60.0 518.49 512.49 1122 -1.978
7 2.00 0.0 499 .50 485 .17 1.062 -4.728
8 3.00 0.0 494 .53 482 64 1.057 -3.923
9 4 .00 0.0 505.00 487 .83 1.068 -5.866
12 7.00 0.0 528.05 524 .12 1.147 -1.299
13 8.00 0.0 533.12 530.08 1.161 1.001
14 9.00 0.0 527 .13 524 .66 1.149 -0.815
15 2.50 30.0 518.53 503 .58 1.103 -4.933
16 3.50 30.0 518 .15 504 25 1.104 4 588
17 4.50 30.0 511.18 804 .10 1.104 -2.338
18 5.560 30.0 509 .39 503.78 1.103 1.852
19 650 30.0 513.06 505 .53 1.107 2 . 4R6
103

ALTHA
2.99
deg

T WATER
HR1.RD
deq ¥

H({. 9 T

0000000 CD00OCTCO

Btuy

(ft2.5.R)
9024E 01
L191E 0)
4368F 01

.3813E-01

3317E 01
1027%-00
8858E -01
1182E .00

S 1588E-01
.1243E -01

15632E-01
9021E-01

.8421E -01
.4411E-01
.3418E 01

4499E-01

Al.PRA
.07
)

T WATER
S82 12

e R

He 9 T

DO00000000000COCO

Biu/

(ft?.s.R

L161E- 01

. J956F -01

2517E 01

.2150E 01

1951E 01
6381E-01
5483E-01
7382E-01
1149E-01

.B415E-02
.7174E-02
.5334E-01
.4925E 01
.2513E-01
. 1998E-01
.2632E Ol

20000000000 COTOC

oXoReEoRoJoRoRoRoRoReRojieRoRolohng

ST

2188F 0O
1259t -02
1059E 02
Y248E -03
8045E-03
2491E 02
2148F. 02
2867F, 02
3851E 03
3016E-03
3716E-03
2188E-02

.2042E-02

1070E-02

.8291F 03

1081E -02

ST

2502E-02
1433E-02
1220E 02
1042E-02
9456E-03

.30093E-02
.2657E-02
.3578E--02

5570E-03
4079E-03
3477E-03

.25685E- C2
.2387E-02
.1218E-02

968R3E-03

.1276E- 02

-
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MACH 3 CANOFY TEST RUN 0630
T- INF P INF RHO INF V INF ALPYIA
165 22 5 61 0 2R51E 02 1877 4 4 0x
deq R pe g slug/fL? s ey
TU Pt MU INF REENK T WATHH
458 56 20005, 0 13250E Ot 04030 . OK HR82 15
deq R psia Ihfos/tt? 171t deqg K
GAGE X PHT T gF TS T S/ QDUT H{ @ TN
in. deg deqg P dny R 3tu/ Btu,
(11753 (117 s.m)
! 2.75 60.0 L18 62 494 KRG 1.079 T R3O O 9LL2E 01 O
2 3.75 6800 H06 17 492 60 1 074 1 A%0 O HGISE OV O
3 4.75 60.0 510 .64 498 .39 1.087 4.042 O 4723F OV 0O
5 6.75 B0.0O 499 .31 480 . 62 1 067 3.197 0 4162 01 O
6 7.75 60.0 500 .26 491 .43 1.071 2 913 O 370.E-01 O
7 2.00 0.0 183 .29 465 25 1.014 5.850 0.1137E-00 0O
8 3.00 0.0 476 .57 462 .19 1.008 1.740 O 4B08F 01 O
9 4 .00 0.0 488 77 467 .04 1 018 7N 0 1322E.00 O
12 7.00 0.0 513 84 506 .88 1.1056 2 414 0 2450E 01 O
13 8 00 00 521.47 516.28 1120 1 6RO O 1824E-01 O
14 9 00 00 513 28 509 .07 1.110 1.392 0 1445E-01 O
15 250 300 504.25 4183.29 1.051 5.918 0.9813E-01 O
16 350 30.0 502.70 483 .45 1.054 6 354 0 8992 01 O
17 450 30.0 492 55 482 .46 1.052 3.332 0 4783F-01 O
18 5.50 30.0 489 .29 481 38 1.050 2.612 0 3R08F-01 O
19 6.50 30.0 494 . 2. 483 39 1.054 3.574 C L506IE-01 O
MACH 3 CANUPY TEST RUN- 0601
T- INF P INF RHO  INF VOINK ALPHA
164 .28 2.R0O 0.1432F - 02 1872 1 4 00
deqR psia slug/ft? /s dey
TO PO MU INF RF INF T WATER
456 .06 99 92 O.13172E-06 0 20351 0% AR1 57
deg R psia Ybf.s/ft* 1/t teq R
GAGE X PHI T B Ts T S/Th Qe [ LR AR
in. deq dey R de:y R Btas tu/
(e ) (ft 7 5.1y
1 2.75 60.0 527 42 511.50 1.122 5.255 0 5H200E 01
2 3.7 60.0 5169 24 510.18 1.119 -2 990 O 2098F 01
3 4.75 60.0 522 HR 514 .48 1.128 2. 672 0 Cn68F 01
5 6.70 60.0 515 41 508 86 1.116 2 13) 0 2166F O1
6 775 60.0 516 44 510 .46 1.119 1.975 0.1975E 01
7 2 00 0.0 497 .49 483 09 1.069 -4 764 0 6546E-01
8 3.00 0.0 492 .50 480 .65 1.054 3913 0. 5574E-01
2} 4.00 0.0 502 .87 485 .60 1.065 5.700 0.7586E -01
12 7 .00 0.0 525.60 521 .44 1.143 1.374 0.1238E 01
13 8 .00 0.0 530.86 527 .65 1.157 -1.058 0.9028E -02
14 9.00 0.0 525.04 522 .54 1.146 -0.827 0.7377E-02
15 2.50 30.0 516 .56 501 .53 1.100 4 981 0.5447E-O1
16 3.50 30.0 516.11 502.20 1.101 -4.590 0.5003E-01
17 4.50 30.0 500.18 502.12 1.101 -2 330 0.2542E- 01
18 5.50 30.0 507 24 501 5% 1.100 1.876 0. 2060E-01
19 6.50 30.0 511.08 503.57 1.104 -2 477 0. 2659E 0]
1)4

ST

CA12F o0
1350K - 02
1143E 02
1007E 02

.8O68E- 03
L2740k U2
.2328E 02
.3201E 02
C5853E C1

3031E 03

.3408E 03
.2375E-02
L2177E 02

1158E 02

.9218F 03
J1225E-02

<

2513E O2
1449F. -02
1241E 02
10478 O
9544E 03
.3163E 02
.2694E -02
386G6E- 02
.BGRI1E 03
.4363E 03
.3565E 03
.2632E-02
2418E 02
1228E-02
953K 03
1285E-02

OCOOOO0OO0CO0OOOO0D00C




AFWAL-TR-87-3091

MACH 3 CANOPY TEST RUN 06092
T-INF P- INF RHO - INF V- INK ALPHA
165 .32 5.861 0.2847E 02 1R78.0 4 03
deg R psia slug/f13 Fr/e Ay
TO PO MU INF RE INF T-WATER
458 .95 199.95 0.13250E- 06 0.4033E-+0b 580.08
deq R psia 1bf.s/ft? 1/ft deq R
GAGE X PH1 T BF TS T $/70 DOT H(.9 TO) ST
in. deg deq R deg R tu/ btu/
(t12-5) (fte-g-R)
1 275 60.0 517 .39 491.00 1.076 7717 0.9535E-01 0.2310E-02
2 3.75 60.0 505.34 401 .92 1.072 -4.427 0.5614E-01 0.1360E-02
3 4.75 60.0 500.73 497 .64 1.084 -3 991 0.4716E-C1 0.1143E-02
5 6.75 60.0 408 58 489 .01 1 065 3157 0.4157E-01 0.1007E-02
6 7.75 60.0 499.40 490.65 1.060 2.885 0.3719E-01 0.9009F -03
7 2.00 0.0 482.63 464.96 1.013 5.830 O 1123E+00 0.2721E 0
8 3.00 0.0 476.05 461.98 1.007 -4 644 0.9493E 01 O .2300E 02
Q 4.00 0.0 487 .81 466 .54 1.017 7 .051 O.1216F.00  0.3194E 02
12 7.00 0.0 511.90 504.88 1.100 2 382 0 2600E-01 0.6208E-03
13 800 0.0 51966 514.40 1.121 1.737 0.1714E-01 0.4152E 03
14 9.00 0.0 512.35 508 .09 1.107 -1 105 O 1478E-01 0.3581E-03
15 2.50 30.0 503.12 482.50 1.051 -6.804 0.9788E-01 0.2374E-02
16 350 30.0 501 .50 482 57 1.051 -6.246 0.898B6E-01 0.2177E-02
17 4.50 30.0 491.80 481.91 1.050 -3.263 O0.4740E 01 0.1148E-02
18 5.50 30.0 488.33 480.55 1.047 -2.569 0 3%07E 01 0.9223F-03
19 6.50 30.0 483 .39 482.76 1.052 3. 506 0.5020E 01 0.1218E-02
MACH 3 CANOPY TEST RUN- 0683
T INF P-INF RHO- INF V INF ALTHA
165 .07 2.80 0.1422E 02 1876 .6 4.02
deg R psia slug/ft3 ft/s deq
10 PO MU- INF RE INF T WATFR
458 . 241 Y. 73 0. 13238E 0Ot 0 20)6) 0r RO 63
deg R puia 1bf.s/ft” 1/t oy I
GAGE X PHI T BF TS T S/T0  @POT H(. ¢4 TO) ST
in, deqg deg R deq 1 Btu/ Ctu/
(ft2.5) (ft2.5-R)
.1 2.75 60.0 528.50 513.77 1.12) -4.862 0.4797E-01 0 . 2328E 02
2 3.75 60.0 521 02 512.88 1.119 -2 .687 0.2675E-01 O.1288E-02
3 4.75 60.0 524.54 517.27 1.129 2.400 0.2280E-01 O.1111E 02
5 6.75 60.0 518.22 512.40 1.118 -1 920 0 1922E-01 0.9327E-03
6 7.75 60.0 519.80 514.53 1.123 -1.7368 0.1703E-01 O 8267E-03
7 2.00 0.0 502.33 489 .50 1.068 -4.235 0 5494E-01 0.26867E-02
8 3.00 0.0 497 .06 486 .30 1.0861 3.553 C.4809E-01 0.2334E-02
g 400 0.0 506.93 491.80 1.073 4.993 0 62Q0E-01 0.3053E-02
12 7.00 0.0 531.45 §29.30 1.186 -0.710 0.6073E -02 GC.2047E-03
13 8.00 0.0 534.28 531.84 1.161 -0.805 0.6743E 02 0.3272E-03
14 9.00 0.0 526.42 523.77 1.143 0.876 0.7867E-02 O .3818E-03
15 2.50 30.0 519.00 505 .44 1.103 4.477 0.4812E-01 O 2336E-02
16 3.5 30.0 518.26 505.44 1.103 4.231 0.4549E-01 O 2208E-02
17 4.50 30.0 512.10 505 .59 1.103 -2.149 0.2306E-01 O.1119E-02
18 5.50 30.0 511.43 506.36 1.105 -1.873 0.17R1F 01 0O 8643E-03
19 6.50 30.0 514.92 508.46 1.110 2.133 0.2221FK 01 O 1078E-02
10%
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MACH 3 CANOPY TEST RIN. 0894
T- INF P INF RHO - INF vV INF ALPHA
166 .02 5.60 0 2830F 02 1882.0 347
N deq R pstd slug/ft3 ft/s deq
TO PO MU-INF RE INF T WATER
460 . 89 199.56 0. 13318} 06 0. 3999E+ 0K 580 41
’ deq R cuia Thf.o/ft? 1/ft lon
f
GAGE X PHI T-BF T S T S/TU QPOT HO 9 T ST
in. deq deq R deq P gL’ ol
Tfte.s) [fre o,
] 2.75 60.0 517 .93 496 .05 1.076 7.220 O .8RRAE 01 0 2161E o2
2 3.75 60.0 506 .48 494 .16 1.072 4.066 0.5125E 01 0.1247kE 02
3 4.7 60.0 511.00 4990 .87 1.085 3.671 0 4315E 01 0.1050E 02
5 6.75 60.0 500 .82 491 .94 1.067 2,934 0.3R0O3E 0) 0 9251E 03
6 7.75 60.0 502.37 494 40 1.073 2.630 0 3305E 01 O RO3RL 03
7 2 00 0.0 485 .85 469 25 1R H.oavR O 1006F: 00 0.2447E O
8 3.00 0.0 479.08 465 .65 1.010 q4.442 0 B717E-01 0.21205L-02
9 4.00 0.0 490.94 471.16 1.022 6 H2R 0.1158E+00 O 2B17E 02
12 7.00 0.0 519.24 514.72 1.117 1.492 0 1493E 01 0.3631E 03
13 8.00 0.0 524 .12 520.156 1.129 1.309 0.1243E 01 0.3024E-04
14 9.00 0.0 512.52 508.03 1.102 1.480 0.1588E-01 0.3862E 03
15 2.50 30.0 505.16 485 .96 1.054 -6.335 0.8904FE-01 ©0.2166E-02
16 3.50 30.0 503 26 485 .36 1.053 5.908 0.8373E 01 O 2037E 02
17 4.50 30.0 494 .29 485.02 1.062 -3.060 0.4358E-01 0.1060E 02
18 5.50 30.0 492 .34 485.13 1.063 2.379 0.3383E-01 0.8227E 03
19 6.50 30.0 496 .75 487 .12 1.057 -3.177 0.4394E- 01 0.1068E- 02
MACH 3 CANOPY TEST RUN:- 0695
T TNF P--INF RHO INF VoOINKF ALPHA
168 .82 2 Rl 0 1413E-02 1886 & 374
deq R puia slu\)/H3 [RAS Arg
TO PO MU TNE RE INF T WATER
463 11 100 .16 O 13485E of) ¢ 10G2E- O #1139
3 deq R psia 1bf.5/ft2 Trfe e R
GAGE X Pl T R TS T ST QAT He & T S1
in deg deg R deg R Btu/ Btu/
(feo- (t75-R)
1 275 60.0 584 .45 564 37 1.219 6.62% 0.4492F 01 0.2182F 02
2 3.75 60.0 §75.29 564 10 1.21R 3.692 0.2507E-01 0.1218E 02
3 4.75 60.0 581.12 570.58 1.232 3.478 0.2262E-01 (.1089E-02
5 6.75 60.0 575.03 567 .52 1.225 2.479 O 1645E-01 0O.7990F 03
6 7.75 60.0 570.58 568 .53 1 228 2 326 0 1533E-01 O 7448E 03
7 2.00 0.0 547 .30 528 .64 1 142 6 1H6 0 .5504E-01  0.2674E- 02
8 3.00 0.0 541.03 525.03 1131 5. 278 O 4K876E 01 0.2369F 02
1Y) 4.00 0.0 556 .94 535.06 1 154 7.219 0 B104E 01 0. 2065F 02
12 7 .00 0.0 571.35H 570.52 1 232 0.274 O 17801 02 0 .8645LF 04
13 8 .00 0.0 584 02 583 39 1 .260 0.208 O 124%F, 02 O B063E 04
14 9.00 0.0 583 10 579 .45 1.251 -1 267 0 7424E 02 0.3606E 03
15 2.50 30.0 570.82 552.05 1.192 -6.1064 0 4580E 01 0.2225E-02
16 3.50 30.0 573 91 555.63 1.200 6.033 0.4346E-01 0.2111E-02
17 4.50 30.0 564 10 555.00 1 198 3.003 0 2173E 01 0.1056E-02
18 5.50 30.0 566 .37 558 .82 1.207 -2.493 0.1756F 01 0.8529E 03
19 6.50 30.0 573.84 565 .39 1.22) 2.789 0.1877E- 01 0.9118E 03
106
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MACH 3 CANOPY

T- INF
164 .3)
deg R

™
456.12
deg R
GAGE X
in.
1 2.75
2 3.75
3 4.75
& 6.75
6 7.75
7 2.00
8 3.00
Q 4.00
12 7.00
13 8.00
14 9.00
15 2.50
16 3.50
17 4.50
18 5.50
19 6.50

MACH 3 CANOPY TEST

T- INF
163.64
deq R

™
454 .26
dey R
GAGE X
in.
1 2.75
2 3.75
3 4.75
5 6.75
6 7.75
7 2.00
8 3.00
9 4.00
12 7.00
13 8.00
14 9.00
15 2.50
16 3.50
17 4.50
18 5.50
19  6.50

ST

.2004E 02
J1175E 02
.1044E- 02
.8011E 03
7248E-03
2499E- 02
2168E 02
.2773E-02
.3016E-03
.1503k-03
-3591E-03
.2075E-02
.1852E-02
.9925E 03
7868E 03
.Q182E-03

ST

198G 02

1193E-02

. 1067F.-02

8057E-03

.7279E- 03
. 2559E-02
.2241E-02
. 2832E-02
.3219E -03
.1541E-03
.3401E -03
.2105E-02
- 1962E--02
{99B1E- 03
.8017E-03
.g374E- 63

Sy ——
TEST RUN- 0696
P-INF RHO- INF V- INF ALFHA
5. 0.2861E .02 1872.3 4 .04
psia slug/ft3 ft/s deq
PO MU - INF RE INF T WATER
199 64 0 13174E S)('» O 40061 - 08 610 20
psia Ibf.s/ft 1/f¢ deg R
PHI  T-BF TS  TsS/TU QT H( 9 TO)
deg deqg R dea R tu/ Beu/
(Ft?.c) (ft?.s-R)
60.0 569 .66 537 .72 1.179 -10.540 O.8285E 01 O
60.0 552.04 533 .88 1.170 -5 992 0.1857E 01 O
60.0 560.20 542.89 1.190 -5.713 0.4315E-01 ©
60 .0 547 .19 534.73 1.172 -4.114 0.3312E 01 O
80.0 548 .35 536 .87 1.177 -3.787 G.2997E-01 O.
0.0 518.35 492 .64 1.080 -B.485 0.1033E+00 O.
0.0 510.01 488 52 1.071 -7.090 0.9089E-01 O.
0.0 530.21 498 .34 1.085 -10.185 0.1147E+00 O
0.0 572.18 566 .29 1.242 -1.943 0.1247E-01 O
0.0 576 .49 573 42 1.257 1.012 0.6215E-02 0
0.0 562 .00 555.48 1.218 -2.1R73 G.1485E-01 O
30.0 547.87 519.53 1.i3¢ -9.355 0.8B581E-01 O
30.0 550 .45 522 98 1 147 -9.07¢9 0.8073E-01 O
.0 535.46 521 .64 1.144 4.560 0.4104E-01 O
30.0 536.53 525.22 1.151 3 732 0 .3253E 01 ¢©
30.0 544 .10 530.32 1163 4.5H48 0.3796E-01 O
RUN 0667
P-INF RHD-INF VvV INF ALPHA
5.60 0.2872E-02 1868 4 2.94
psia slug/ft? ft/s den
PO MU- INF RE- INF T WATER
198 .63 0.13117E-06 0.4091E-OR 608 55
psia 16fF-s/ft? 1/ft deqg R
PHI T BF TS T S/T0 @hOT H( & TO)
deg deqg R deg R Ctu/ Btu/
(ft2.s) (ft2.5.R)
60.0 §70.56 53R 29 1.185 -10.650 QO R227E-01 0
60.0 551.01 532 .49 1.172 . 6.111 0.4942E 01 O
60.0¢« 550 31 541 .68 1.192 -5.819 0.4381E-01 O
60.0 546.16 533.55 1.175 4.162 0.3338E-01 O.
60.0 547.19 535 61 1179 -3.822 (0.3015E-01 O
0.0 516.20 490.10 1.07¢ -8.612 O 1060E+00 O
0.0 507.85 486.31 1.070 -7.172 0.9282E-01 O
0.0 528.00 496 8] 1.004 10.321 O0.1173E+00 O
0.0 570.20 563.93 1.241 -2.068 0.1333E-01 O
0.0 575.30 572.14 1.259 -1.043 O B384E-02 O
0.0 561.55 555.14 1.222 -2.115 0.1446E-01 O
30.0 546.19 517 .48 1.139 0.474 0.8721E-01 O
30.0 549.08 521.38 1.148 9.145 O0.8126E-01 O
30.0 534.17 520.24 1.145 -4.597 0.4126E-01 O
30.0 534.98 523.45 1.152 -3 806 0.3321E-01 O
30.0 542.45 528.39 1.163 -4.643 0 3883E-01 O
107
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MACH 3 CANOPY TEST RUN- 0663
T INF P INF RHO- INF vV INF ALPHA
162 .49 2.81 0.1452E -02 1861 .9 3.0}
deg R psia sing/ft3 ft/s de
TO PO MU INF REINF T WATER
451 07 100.24 0,130216-(}(% 0.2077F-0x [ELYAE .
deq R psia The-/ft 11t -
GAGE X il T B T8 T ST WA H( 4 TO: Nl
in. deq deqg R dey R btu/ )/
(reten) ff12-q-R)
] 275 60.0 579.21 557 .R7 1237 T 0443 0 4637E-01 0. 2221E OU
2 375 60.0 HBR .79 556 K7 1,235 3 934 0 2607E-01 (C.1249E 02
3 4.75 60.0 574.64 563 42 o049 4 704 O l2352E-01 O.1127E-02
5 6.7 60.0 566.70 558.65 1 238 2654 0.1739E 01 O R320E 03
6 7.75 60.0 567 g1 560 42 1242  2.470 0.1599E 01 0.7660E-03
7 2.00 0.0 539.20 519.55 1 152 6. 186 0.6711E-01 0.2736E 02
8 300 0.0 532.8 515 46 1 144 5.578  0.5071E-01 0 .2429E 02
9 400 0.0 548.24 526 .00 1 166 7.640 0. 6360E 01 0.3047E-02
12 7.00 0.0 583.95 580.84 1 288 1 025 O 5858E-02 0.2807E 03
13 8 00 0.0 586 .14 584 87 1.297 0,420 0.2348E-02 0.1125E-03
14 8.00 0.0 576.75 572 97 1 270 1.246 0.7158E--02 0.3573E .03
15 2.50 30.0 564.34 544 45 1 207 6.564 (©.4740E 01 O 2271E 02
16 3.50 30.0 567 24 548 11 1 215 -6 311 0 4440E-01 0.2127E 02
17  4.50 30.0 556.88 547 .33 1.213 -3.15) 0.2229E-01 0.1068E 02
18 550 300 558.30 550 .51 1.220 2.570 0.1778E-01 0O.8520E 03
19 6.50 30.0 563.85 554.76 1.230 -2 998 0.2015E-01 0O .96453F-03
MACH 3 CANUOPY TEST RUN= 06499
T INF P INF RHO INF V INF ALPHA
1682 55 2.80 0.1447E- 02 1862.2 0.13
teq ¥ pS i slug/ft3 ft/s e
T PO MU- INF RE INF T WATER
451 24 99 .88 0.13026E 06 0 2068E : OR LU 23
deg R psia 1bf-s/ft? 1/ft deqy R
GAGE X PHI T -BF T-S TS T WnutT H({ 9 ) ST
in deg deg R deq R Btu stu/
(ft7.5) (ft?.s.R)
1 2.75 60.0 577.31 555.51 1.231 7.183 0 4815E 01 0.2315E 02
2 3.75 60.0 567.96 555.61 1.231 4.075 0.2726E-01 0.1311E-02
3 475 60.0 573.69 562.22 1.246 3.785 0.2425E-01 O.1166E-02
5 6.75 60.0 565.26 556.86 1.234 -2.771 0.1838E-01 0.8840E-03
6 7.75 60.0 566.2 358.28 1.237 -2.624 0.1725E-01 O .8293E-03
7 200 0.0 536.15 515.73 1.143 -6.736  0.6G145E-01 0.20855E 02
8 3.00 0.0 520 .83 512.31 1.135 -5.783 0.5444F. 01 0.2618E-02
g 4.00 0.0 546.73 522.28 1.157 -8.070 0.8947E- 01 0.3340E-02
12 7.00 0.0 580.90 576.78 1.278 -1.359 0.7965E 02 0.3830E 032
13 8.00 0.0 584 58 583.18 1.292 -0.461 0.2604E-02 O 1252E 03
14 9.00 0.0 576.76 573.35 1.271 1.124 0.8720E-02 0 3231E-03
15 2.50 30.0 562.66 542.00 1.201 -6.785 0.4990E-01 0.2400E 02
16 3.50 30.0 565.88 546.38 1.211 -6.436 0.4589E-01 0.2207E 02
17 4.50 30.0 556.33 545.55 1.200 -3.220 0.2316E-01 0.1114E 02
18 5.50 30.0 556.08 548.16 1.215 -2.614 0.1840E-01 0 .8847F-03
18 6.50 30.0 561.57 551.83 1.223 -3.214 0.2206E-01 0.1081E-02
108
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MACH 3 CANOPY TEST

T-INF
163.13
deq R

TO

452 RO
deq R

GAGE

GNNaNa I
oo ne -

DU R WNDRIDWNNDLE WN

Mt G ot bbbk et ek bk
PVONOUHL WNDOIO U WK~
$8885388888

MACH 3 CANOPY TEST

T- INF
162 .98
deg R
TU
452 44
dea R
GAGE X
in.
1 2.75
2 3.75
3 4.75
5 6.75
6 7.75
7 2.00
8 3.00
9 4.00
12 7.00
13 8.00
14 9.00
15 2.50
16 3.50
17 4.50
18 5.50
19 6.50

£

BEEEE 00000083388

8888800000088883

RUN.. 0700
P INF RHO INF VvV INF
5.61 0.2885E .02 1865 .5
psia slug/ ft?
PO MU- INF RE INf
199 .90 .13075E 06 0 4116E:08
psia Ibf.s/1t? 176t
T-BF T-S T-S/T0 %X)I
deq P deg R tu/
{ft2.s)
.0 564 .42 531.46 1.174 877
0] 548 .09 520.11 1.168 6.263
.0 556.07 538.07 1.188 5.938
(o] 541 .99 529.00 1.168 -4.285
.0 542 .74 530 .61 1.172 -4 001
.0 511.88 485 .25 1.072 -8.787
.0 503.52 481 43 1.063 -7.288
o] 523.63 491 .47 1.085 10,611
(o] 564 .29 556.68 1.2280 -2.510
0 570.98 567 .41 1.253 1.180
0 550 .53 553 .64 1.223 -1.943
(o] 542.74 513.28 1.133 8.721
o] 545.70 517.69 1.143 9.246
o] 530.26 518.07 1.140 - 4.681
o] 530.17 518.33 1.145 3.906
.0 537.65 522.80 1.154 4.901
RUN=- 0701
P INF RHO- INF v I\F
5 61 0.288RE-02 1864 .7
psia sTug/ftd /s
PO MU INF SOINE
196 .91 0. 13062E- 0t 0.4123E.0K
psia 1hf.s/ft2 1/f¢
PHI T-BF TS T S/T0 QOUT
deg deg R deg R Btu/
(ft -s)
0 563.37 529.91 1.171 .041
(o] 546 .36 526.92 1.1865 .416
0 554.17 535.84 1.184 .048
0 539.49 526.15 1.163 .403
0 539.91 527 .35 1.186 .143
0] 500.00 481 .93 1.0865 .963
[¢] 501.26 478.92 1.059 .372
.0 520.88 487 .96 1.078 .863
.0 558.23 550.08 1.216 .022
.0 567.13 562 .88 1 244 471
[} 557.60 551.76 1.220 .927
(0] 540.70 510.66 1.129 .014
0 543.87 515.20 1.139 . 464
.0 527 .94 513.50 1.135 .766
0 §27.01 5156.03 1.138 952
0 535.42 520.34 1 150 77
109
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ALPHA
0.01
den
T WATER
508 KO
dery B
H(.9 TO) ST
Btu/
(ft2.5.R)
.8779E 01 0.2113E 02
.5153E-01 O.1240E 02
.4551E-01 0.1095E-02
.3529E 01 0.8494E -03
3252E 01 O 7827E-03
.1131E-00 0.2723E 02
.@868E- 01 O 2375E-02
1265E.-00 0.3044E 02
1683E 01 O 40R1E-03
7381E 02 0O 1777E 03
1330E 01 O 3202E 03
.9195E-01 0.2213E O
.8396E-01 0.2021E-02
4314E-01 0.1038E-02
.3526E-01 0.8B487E 03
.4253E-01 0.1024F 02

ALPHA

3.10

dey

T WATER
0O 44
de R
H(.9 T ST

Btu/

(ft?.s.R)
0.8998E-01 0.2164E 02
0.5359E-01 0. 1289E--02
0.4702E-01 0.1131E-02
0.3702E-01 0.8904E-03
0.3448E-01 0 .8284E-03
0.1198E+00 O .2885E-02
0.102BE+00 0.2473E-02
0.1345E+00 0.3236E-02
0.2115E-01 0.5087E 03
0.9450E 02 0.2275E 03
0 1333E-01 0.3207E-03
0.9583F-01 0.2305E-02
0.8763E-01 0.2108E-02
0.4484E-01 0.1079E-02
0.3665F 01 0.8817F 03
0 4399E 01 0 1058E 02



AFWAL-TR-87-3091

MACH 3 CANOPY TEST RUN= 0702
T-INF P-INF RHO-INF VvV INF ALPHA
162.13 2.82 0.1458E 02 1850 R 3.08
deg R psia slug/ft® tt/s i
™ PO MU- INF RE INF T WATFR
450.00 100 .40 0.120ME-06 0 2087E-0R BR324
dey R psia Ibht.s/i1? 1rfr o
GAGE X PH1 T-BF T-S T S/TY QOT He ¢ T ST
‘ in dey deg R deg R Oy, tuy
fet7.s) (FL -5 R)
1 2.75 60.0 574.90 552 .67 1.228 7 .335 0.-1‘370[’,—01 0 2374k
2 3.75 680.0 564.76 552.04 1.226 4. 197 0.2856F 01 0.1364E
3 4.75 60.0 570.41 558 .60 1.241 3 BY8 0.2530E 01 0.1213E-
5 6.75 60.0 561 .01 552 36 1.227 2.853 0.1937E 0] O 9254E
6 7.75 60.0 562.27 553.64 1.231 2.750 0.1847E-01 0O BR26E
7 2.00 0.0 531 56 510.20 1.134 7.017 0.6670E-01 O 3187E-
8 3.00 0.0 525.52 507 .60 1.12R -5.913 0 5768E -01 O 2756E-
*] 4.00 0.0 542 .23 516.96 1.149 8 340 0.7455E-01 O 3562E-
12 7.00 c.0 575.69 570.60 1.268 -1.679 0.1014E-01 0.4846E
13 8.00 0.0 580.30 578 .41 1.285 0.624 0.3600E 02 O.1720E-
14 9.00 0.0 573.58 570 1.267 -1 161 0.7035F 02 0.3361E
15 2.50 30.0 550.18 538.07 1.195 6.967 0.5239E-01 0.2503E-
16 3.50 300 562 .27 542 .42 1.205 6 502 0.4771E-01 0.2279E
17 4.50 30.0 551.71 541 77 1 204 4 280 0.2400E 01 0.1146E-
18 5.50 30.0 551.76 543 .57 1 208 2 705 0.1853E 01 0.9332E
19 6.50 30.0 557 .92 547 .90 1 217 3 304 0 2414E 01 0O 1105E
MACH 3 CANOPY TEST RUM 0703
T-INF P> INF RHO INF VoOINF ALPHA
162.59 2 RO 0O 1448F 02 1862 4 413
deq R poia slug/ft3 £t deg
™ PO MU INF REINL T WATER
451.35 G99 Qg O 13026F (%t') 0. 20049k, «O% 60K A
deg R noia Ihf.s/ft 17ft e P
GAGE X PH1 T BF TS T S-°TO QRDOT H{ 9 T
in. deq deq R deg F Stu/ Dtu/
(ft?.5) {ft7-5-R)
1 2.75 60.0 574.90 552.84 1225 T 281 0 4965E 01 O.
2 3.75 60.0 565 .48 552.79 1 225 4 189 0O 2858E 01 O.
3 4.75 60.0 571.056 558 . 46 1 239 3.880 0 2541E 01 O
5 6.75 60.0 561.71 553.11 1.225 2. .83t 0 1831E 01 O
&) 7.75 60.0 562.93 554 .59 1.220 2.754 0 1855E 01 O
7 2.00 0.0 531.60 510.25 1.130 7.048 0 B6775E 01 0.
B 3.00 0.0 525.73 507.74 1.125 5 938 0.5848E-01 O
9 4.00 0.0 542.23 516.78 1.145 8. 39% 0.7505E 01 O
12 7 .00 0.0 575.30 569 .84 1 263 1 799 0.1100E .01 O.
13 8.00 0.0 580.18 578.10 1.281 0.686 0.3989E-02 O
14 9.00 0.0 573.91 570.38 1.264 1.163 0.7082E-02 O
15 2.50 30.0 558 .40 538.21 1.182 -6.994 0.5200E 01 O
16 3.50 30.0 562.85 542.77 1.203 6.626 0.4852E 01 O
17 4.50 30.0 552.12 542 .19 1.201 3.276 0.2409E-01 O
18 5.50 30.0 551.89 543.72 1.206 2.698 0.1962E-01 O
19 6.50 30.0 558 .28 548.23 1.2156 3.316 0.2335E-01 O
110
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02
oz
[o X
03
o2
02
02
03
03
03
02
02
02
03
02
oT
2386E 02
1373E 02
1221E 02
Y277E 03
BO14E- 02
3255E- 02
2R10E- 02
3649E O
5284E 03
J1917E- 03
3403E- 0}
.2546E O2
.2331E-02
.1157E-02
.9426E-03
.1122E-02
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AFWAL-TR-87-3091
MACH 3 CANOPY TEST RUN= 0704
T-INF P- INF RHO-INF V-INF ALPHA
163.51 5.60 0.28755792 1867 .7 -3.97
deg R psia slug/ft ft/s deg
TO PO MU-INF RE-INF T-WATER
4,3.93 199 .68 0.13107E-06 0.40097E+08 608.02
deg R psia 1bf.s/ft2 1/ft deg R
GAGE X PHI T-BF T-S T-S/T0  QDOT H(.9 TO) ST
in. deg deg R deg R Btu/ Btu/
(ft2.s) (ft2.s.R)
1 2.75 60.0 561 .04 527 .89 1.163 -10.941 0.9167E-01 0.2212E-02
2 375 60.0 544.75 525.54 1.158 6.342 0.5420E-01 0.13CBE-02
3 4.75 60.0 552.40 534 .15 1.177 -6.022 0.4794E-01 0.1157E-02
5 6.75 60.0 537 .59 524 .54 1.156 -4 307 0.3713E-01 0.8857E 03
6 7.75 60.0 538 .26 525.74 1.158 -4.129 0.3523E-01 0.8499E 03
7 2.00 0.0 507 .77 480 .81 1.059 -8.897 0.1231E+00 O 2970E- 02
8 3.00 0.0 500.07 477 .99 1.063 -7.289 0.1050E+00 0.2532E-02
9 400 0.0 ©519.58 486.72 1.072 -10.845 0.1387E+00 0 .3347E 02
12 7.00 0.0 556.38 546 .91 1.205 -3.126 0.2260E-01 0.5451E-03
13 8.00 0.0 ©564.49 559.81 1.233 -1.544 0.1021E-01 0.2463E-03
14 900 0.0 555.38° 549.55 1.211 -1.923 0.1364E-01 0.3290E-03
15 2.50 30.0 539.08 508.20 1.122 -9.863 0.9798E-01 0.2364E 02
16 3.50 30.0 541.77 513.47 1.131 -9.339 0.8900E-01 0.2147E-02
7 4.50 30.0 526.13 511.83 1.128 -4.719 0.4569E-01 O0.1102E-02
18 5.50 30.0 524.84 512.93 1.130 -3.930 0.3765E-01 0.89083E-03
16 6.50 30.0 533.03 518.05 1.141 -4.943 0.4514E-01 0O.1089E-02
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